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Diarrhoeal diseases remain a major threat to young children in developing countries. Iraq is one 
such developing country where diarrhoeal diseases have a significant impact on child health, 
however, due to lack of systematic disease surveillance in Iraq, relatively little is known about the 
role and public health significance of the enteric pathogens involved in gastrointestinal infections.  
On a global scale, non-typhoidal Salmonella is the most important foodborne pathogen due to its 
widespread dissemination and resistance to antimicrobials used in veterinary and human sectors. 
The contribution of Salmonella to foodborne diseases in Iraq is, however, unknown. To address 
this, the overarching aim of this thesis was to determine the prevalence, genomic characterization, 
zoonotic potential and risk factors of non-typhoidal S lmonella associate with diarrhoeal disease 
in Iraqi children. A secondary aim was to provide contemporary information on select viral, 
bacterial and parasitic agents associated with enteric disease using molecular tools.  
A cross-sectional study was conducted in Thi-Qar Governorate, south-eastern Iraq, to estimate the 
prevalence, risk factors and antimicrobial resistance of Salmonella infection associated with 
diarrhoea. Fresh faecal samples were collected from children under five years of age suffering from 
diarrhoea who attended children's hospitals. Among 320 stool specimens cultured, 33 (10.3%, 95% 
CI 8.4–12.4) were positive for non-typhoidal Salmonella spp. Culture positivity for Salmonella 
was higher in children below two years of age. The source of drinking water (pipe water) (OR 4.7; 
95% CI 1.6–13.9), a lower education (illiterate and primary) level of the mother (OR 3.9; 95% CI 




significant risk factors associated with Salmonella infection in children in a multivariable logistic 
regression model. Protective factors that decreased th  risk of Salmonella infection included 
boiling water, exclusive breastfeeding and mother’s hand washing before feeding the child and 
after cleaning child defecation. Antimicrobial susceptibility tests of the Salmonella isolates 
demonstrated high levels of resistance to tetracycline (78.8%), azithromycin (66.7%), 
ciprofloxacin (57.6%), trimethoprim/sulfamethoxazole (51.5%), streptomycin (48.4%), and 
nalidixic acid (45.5%).  
Prompt and appropriate healthcare-seeking is one of the factors associated with reducing diarrhoea 
duration, which then reduces the possibility of dehydration and its complications, and also 
avoidance of unnecessary use of antimicrobials. A total of 500 mother-child pairs were interviewed 
using a structured questionnaire to determine the socio-demographic factors associated with 
maternal health-care seeking practices in order to improve the maternal management of the 
diarrhoeal disease. Multivariable logistic regression model of predictor factors indicated that 
mothers aged >25 years were found to have a much lower dds (OR 0.4, 95% CI 0.2–0.6; P = 
<0.001) of reported childhood diarrhoea compared to th se younger. Almost half of the 
interviewed mothers (52.4% (262/500)) preferred self-ordered medicine from a pharmacy as an 
alternative management option for diarrhoea. Relative to mother’s health-care seeking practices 
with a university education, those with high school education had more possibility of seeking 




Faecal samples were further screened using PCR to invest gate the prevalence of common enteric 
pathogens known to be associated with diarrhoea in children, and determine potential risk factors. 
The most frequently identified pathogen in the faecal samples was adenovirus (34.2 %) followed 
by Salmonella spp. (14.8%), Entamoeba spp. (13.5%), and Campylobacter spp. (10.9%). Of 
interest, co-infection with a bacterial, viral, and a parasitic etiologic agent all together was detect d 
in nine cases (9/155 (5.8%)). A logistic regression analysis indicated that children who exclusively 
breastfed had lower odds of adenovirus DNA detection (P = 0.051; OR 0.46, 95% CI 0.21–0.99) 
compared to children exclusively bottle-fed. Campylobacter infection in children from households 
supplied by pipe water was 5.12 (95% CI 1.12–23.27) times higher (P = 0.034) compared with 
those supplied with treated water. Entamoeba infection was three times lower [P = 0.030, OR 0.34 
(95% CI 0.14–0.90)] in children belonging to caregivers who reported always washing hands after 
cleaning children following defecation, versus those belonging to caregivers who did not wash 
hands.  In addition, for the first time in Iraq, whole genome sequence (WGS) analysis data for 23 
Salmonella isolates in the present study indicated that S. Typhimurium ST49 was the most frequent 
sequence type, and floR, blaCARB-2 and mphA antimicrobial resistance genes were identified for the 
first time in Salmonella isolated from children.  
Chicken meats may play the potential role as sources/carriers of human Salmonella pathogenic 
strains in the zoonotic transmission and epidemiology f salmonellosis. To evaluate the role of 
chicken in causing human salmonellosis, 400 frozen chicken carcasses imported from Iran, Turkey, 
Brazil and India were collected from various retail stores and markets around Thi-Qar to determine 




resistance, and multilocus sequence types (ST) of Salmonella. Overall, the frequency of Salmonella 
contamination was 11.5% (95% CI 8.5%–15.0%) using culture techniques with PCR confirmation. 
Of the 46 Salmonella species, S. Typhimurium [23.9% (11/46)] and S. Enteritidis [21.7% (10/46)] 
were the most predominant serotypes. All of the Salmonella isolates tested exhibited resistance to 
one or more antimicrobial agents used, with common resistance being to tetracycline (84.4%), 
nalidixic acid (80.4%), streptomycin (69.6%) and trimethoprim/sulfamethoxazole (65.2%). This 
pilot study provided the first reporting on the genomic characterization of Salmonella isolates from 
imported chicken carcasses in Iraq. Eight sequence typ s (STs) were assigned by multilocus 
sequence typing (MLST) for 40 Salmonella isolates. The most frequent STs among S. Enteritidis 
was ST-11 and among S. Typhimurium was ST-19. WGS analysis also revealed that Salmonella 
isolates harboured resistance gene profiles which correlated with their resistance phenotypes. For 
β-lactamase genes, 18 isolates carried four β-lactamase resistance genes, with blaCARB-2 was the 
most commonly (14/18) seen while fifteen isolates carried the florfenicol resistance gene (floR) 
among the 46 isolates. Among nontyphoidal S monella isolated from chicken carcasses, 84.8% 
(39/46) were classified as with multiple drug resistance (MDR). These results indicate that chicken 
meat may acts as the reservoir for multidrug-resistant Salmonella infection in foodborne exposure 
to human.   
In summary, this study provides baseline carriage of pathogens responsible for causing diarrhoea 
in children under the age of five in Iraq. In addition, the present study for the first time provides 
insights into the genomic characteristics of Salmonella isolates collected from children and chicken 




among Salmonella isolates to the first line antimicrobials regularly used in veterinary and human 
sectors, with potential for transfer to humans. Furthermore, the identification of common enteric 
pathogens causing diarrhoea in children will inform future epidemiological conservation studies. 
The household survey also identified areas to improve the management of diarrhoea in children 
under the age of five.  The outcomes of this thesis may be used to inform public health and zoonotic 
disease programs for formulating appropriate recommendations for the management of diarrhoea 
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Thesis aims and objectives:  
The overarching aim of this thesis was to provide th first baseline data on the genomic 
characterisation, antimicrobial resistance genes and putative risk factors for Salmonella disease, 
and a number of other enteric pathogens thought to be causes of childhood diarrhoea that also have 
public health significance in Thi-Qar, Iraq.  
Specifically, this project aimed to:  
• Evaluate the carriage of Salmonella infection in children's hospitals to determine 
prevalence, and antimicrobial resistance profiles, clinical presentation, serotype of non-typhoidal 
Salmonella in Thi-Qar, Iraq.    
• Identify potential risk factors contributing to the prevalence of non-typhoidal Salmonella 
infection.  
• Evaluate and described the socio-demographic factors associated with health care-seeking 
practices and alternative management options of mothers of under-five children with diarrheal 
diseases. 
•  Determine the prevalence of selected bacterial, vir l, and parasitic enteropathogens among 
children with diarrhoea using molecular tools.  
• Evaluate the genomic characteristics and genetic antimicrobial resistance of Salmonella 
serovar isolated from children diarrhoeal cases.  




• Determine the occurrence of Salmonella in chicken meat and investigate the role of chicken 
as potential reservoirs for zoonotic Salmonella strains.   
• Identify the phenotypic aspects of Salmonella isolates form food samples by antibiotic 
susceptibility tests against 12 antimicrobials.  
• Use whole genome sequencing to determine the sequence types (ST) and genetic 









Chapter One - Literature review:  Childhood diarrhoea in the Eastern Mediterranean 
Region with special emphasis on non-typhoidal Salmonella at the human–food interface 
 
1.1 Preface  
Chapter 1 is the unmodified text version of literatu e review published in the journal of 
Pathogens. Below is the full citation of the article that is included in appendix 1. 
Harb, A., O'Dea, M., Abraham, S., Habib I., 2019. Childhood diarrhoea in the Eastern 
Mediterranean Region with special emphasis on non-typhoidal Salmonella at the human–food 



















 Diarrhoeal disease is still one of the most challenging issues for health in many countries 
across the Eastern Mediterranean region (EMR), with infectious diarrhoea being an important 
cause of morbidity and mortality, especially in children under five years of age. However, the 
understanding of the aetiological spectrum and the burden of enteric pathogens involved in 
diarrhoeal disease in the EMR is incomplete. Non-typhoidal Salmonella (NTS), the focus of 
this review, is one of the most frequently reported bacterial aetiologies in diarrhoeal disease 
in the EMR. Strains of NTS with resistance to antimicrobial drugs are increasingly reported in 
both developed and developing countries. In the EMR, it is now widely accepted that many 
such resistant strains are zoonotic in origin and acquire their resistance in the food-animal host 
before onward transmission to humans through the food chain. Here, we review 
epidemiological and microbiological aspects of diarrhoeal diseases among children in the 
EMR, with emphasis on the implication and burden of NTS. We collate evidence from studies 
across the EMR on the zoonotic exposure and antimicrobial resistance in NTS at the interface 
between human and foods of animal origin. This review adds to our understanding of the 
global epidemiology of Salmonella with emphasis on the current situation in the EMR.  
 
1.3 Background  
Worldwide, diarrhoeal diseases accounted for 8% of all deaths in children under five 
years of age in 2016, and this translates to over 1300 young children dying each day or 
approximately 480,000 children a year (UNICEF, 2018). The incidence of diarrhoeal 
infections among children in the Eastern Mediterranean region (EMR) continues to pose a 
significant public health challenge in countries across the region. For the purpose of this 




and as such, the EMR encompasses the Islamic Republic of Afghanistan (Afghanistan), 
Djibouti, Somalia, Republic of Yemen (Yemen), Arab Republic of Egypt (Egypt), Islamic 
Republic of Iran (Iran), Iraq, Jordan, Lebanon, Libya, Morocco, Pakistan, Palestine, Sudan, 
Syrian Arab Republic (Syria), Tunisia Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, and the 
United Arab Emirates (UAE). The proportion of paediatric diarrhoea cases has increased over 
time in several countries in the EMR, as in Iraq—from 14.9% in 1997 to 21.3% in 2000 
(Tawfeek et al., 2002; Siziya et al., 2009) and Iran, from 10.3% to 19.6% between 2008 and 
2010 (Kolahi et al., 2008; Kermani et al., 2010). In Egypt, the incidence of diarrhoea in 
children has declined from 44% to 23.6% based on reports between 1999 and 2005 (Deghedi 
et al., 1999; El-Gilany and Hammad, 2005). Diarrhoea attributed disability-adjusted life years 
(DALYs) among children under five years of age in the EMR regions were estimated to be 
6,058,681 (4,045,101–8,618,353) (Khalil et al., 2018). Across the 22 countries in the EMR, 
the highest rates of diarrhoea-attributed mortality mong children younger than five years were 
reported in Somalia, Afghanistan, Djibouti, Iraq, Syria, Yemen, Sudan, Egypt and Tunisia 
(Troeger et al., 2017; Khalil et al., 2018). 
Several countries in the EMR suffer from fragile health care systems, of which Iraq is 
an example. Several generations of Iraqi children born since the early 1990s have faced 
adverse conditions negatively impacting their nutrition and health as a result of decades of 
wars, sanctions and political instability (Ahmed et al., 2013). Diarrhoeal disease is a leading 
cause of morbidity and mortality among Iraqi children younger than five years (Awqati et al., 
2009; Ahmed et al., 2013). The period between 1994 and 1999 witnessed the highest rate of 
diarrhoea-attributed deaths in Iraq, and in the EMR as a whole, as diarrhoea was a common 
cause of death in children under five years old; it was responsible for 43.4% of deaths in 
children aged 2–5 years (Awqati et al., 2009). Additionally, the 2004 survey of the United 




Government of Iraq indicated that approximately 90% of children under the age of five years 
visited hospitals due to diarrhoea (UNICEF, 2004). In this former survey, diarrhoea and acute 
respiratory infection accounted for 70% of childhood deaths, but the fatality rate due to 
diarrhoeal illnesses was higher than those caused by respiratory infection (UNICEF, 2004). 
 
1.4 Epidemiological aspects of diarrhoeal diseases among children in the EMR 
The majority of diarrhoea infections in children occur during the summer months in 
countries with a hot and dry climate (Khoury et al., 2011; Musengimana et al., 2016). It has 
been noted that enteric illnesses in temperate latiudes have a seasonal pattern, with the highest 
incidence of diseases during the summer months (Akil et al., 2014). This is consistent with 
published evidence of a positive correlation between gastrointestinal infection with enteric 
pathogens and the increase in ambient temperature (Checkley et al., 2000; Mellor et al., 2016). 
Several epidemiological studies confirm the role of age and immune response as important 
triggers to infectious diarrhoea in children (Sinmegn Mihrete et al., 2014; Gizaw et al., 2017). 
Children below five years of age are significantly more susceptible to diarrhoeal illnesses 
compared with other age groups (Khoury et al., 2011; Sinmegn Mihrete et al., 2014). In Iraq, 
a study by Siziya and colleagues (2009) of the prevalence of diarrhoea in 14,676 children less 
than five years of age revealed that 21.3% of the children had diarrhoea in the two weeks 
preceding the survey. Based on the aforementioned survey, a history of diarrhoea was 
positively associated with lower socioeconomic status and a lack of access to clean sources of 
water (Siziya et al., 2009). A hospital-based study in Iraq reported a prevalence of diarrhoea 
in 63.5% of children at three government referral paediatric hospitals in Baghdad (Alaa et al., 




collapse, poor sanitation, lack of safe water and inadequate provision of health care (Alaa et 
al., 2014). 
Paediatric diarrhoea has an important financial andproductivity impact on the 
livelihood of families in different countries across the EMR (UNICEF, 2004; Sepanlou et al., 
2015). In the United Arab Emirates, Howidi et al. (2012) estimated an average cost of $64 for 
expenses spent dealing with medical care per diarrhoeal episode in children. In Oman, a study 
by Al Awaidy et al. (2009) revealed that the total cost of hospitalization due to diarrhoea 
(direct medical costs) was estimated at $539 per child for three hospital days, totalling $1.8 
million per year for all outpatient and hospital settings in the country.  
 
1.5 Microbiological aspects of diarrhoeal diseases among children in the EMR 
The prevalence of enteropathogens in child diarrhoeal illnesses throughout the EMR 
is difficult to precisely assess due to variations i  geographical settings, a lack of 
harmonization in sampling approaches and study designs and varying laboratory techniques 
and methods used across different studies, even within the same country (Jafari et al., 2009; 
Saeed et al., 2015). Table 1.1 provides a descriptive summary of various studies reporting the 
occurrence of major etiological agents responsible for paediatric diarrhoea in different 
countries across the region. Data on enteric pathogens implicated in diarrhoea among children 
in the EMR are still limited. 
In Iraq, little is known about the causative agents of diarrhoea in children. However, a 
prospective hospital-based study has shown that Entamoeba histolytica is responsible for 
approximately 85% of diarrhoea infections, and the same study also reported that non-
typhoidal Salmonella spp. and Shigella were isolated from 42% of cases in children under fiv  




investigated the prevalence of pathogen-induced diarrhoea in faecal samples of children from 
hospitals and outpatient clinics in different localities. Among the different enteric pathogens 
found in these studies, rotavirus, Salmonella and Giardia lamblia were the most prevalent (al-
Freihi et al., 1993; AlAyed et al., 2013). Studies conducted in Bahrain (Ismaeel et al., 2002), 
Kuwait (Sethi et al., 1989) and Oman (Aithala et al., 1996) (Table 1.1) shared some common 
findings, with rotavirus and adenovirus found to be th  major viral causes and Salmonella and 
Shigella found to be the most common bacterial causes involved in cases of child diarrhoea 
(Sethi et al., 1989; Aithala et al., 1996). The authors also observed that symptoms associated 
with bacterial gastroenteritis were more severe compared to those of a viral nature. In Qatar, 
noroviruses have been implicated as the predominant viral pathogen associated with severe 
diarrhoea in children (Al-Thani et al., 2013). Microbiological studies on bacterial diarrhoeal 
illness among hospitalized children in Pakistan (Mubashir et al., 1990), Egypt (Pazzaglia et 
al., 1995; El-Mohamady et al., 2006), Iran (Jafari et al., 2009), Palestine (Al Jarousha et al., 
2011), Djibouti (Mikhail et al., 1990) and Somalia (Casalino et al., 1988) reported that the 
main etiologic agents were Campylobacter, Salmonella, E. coli and Shigella. Clinical findings 
in these studies varied according to the aetiology f diarrhoea; however, abdominal pain, 
vomiting, fever and dehydration were seen in a majority f cases, and the highest incidence 
rates were commonly reported in the summer months.  
In Libya (Rahouma et al., 2011), Sudan (Saeed et al., 2015) and Tunisia (Nejma et al., 
2014), the molecular screening of the aetiology of acute diarrhoea among young children has 
revealed that the major viral agents identified were rotavirus and norovirus, the most 
frequently diagnosed bacterial pathogens were Salmonella spp. and E. coli and the most 
commonly detected parasites were Giardia lamblia and Entamoeba histolytica. Overall, the 
above reported studies across different countries in the EMR (Table 1.1) suggest that 




surveillance and for the implementation of evidence-based public health measures to prevent 
and control this disease syndrome. Salmonella has been featured as one of the leading bacterial 
causes commonly detected in child diarrhoeal cases cross the EMR. In the following section 
of this review, we will elucidate the state of epidemiological and microbiological features of 

















Prevalence of enteropathogens 
 Reference  










Salmonella spp. (5.7) 
Shigella spp. (3.2) 
Campylobacter jejuni (1.6) 
Enteropathogenic 
Escherichia coli (E. coli) 
(0.5)  
ND (not detected) (Ismaeel et al., 2002) 
Djibouti 1 
Children < 16 
years 
209 ND 
Enteroadherent E. coli 
(EAEC) (10.6) 
Enterotoxigenic E. coli 
(ETEC) (11.0) 
Enteropathogenic E. coli 
(EPEC) (7.7) 
Shigella spp. (7.7) 











age 9.8 months 
880 ND 
Campylobacter spp. (17.2) 
Salmonella spp. (3) 
Shigella spp. (2) 




Children < 5 
years 
356 Rotavirus (17) 
Enterotoxigenic E. coli 
(ETEC) (10.8) 
Campylobacter spp. (5.6) 
Shigella spp. (2.0) 
Salmonella spp. (0.6) 
Aeromonas hydrophila 
(1.1) 
Vibrio fluvialis (0.6) 
Cryptosporidium 
(10.7) 








Children < 5 
years 
1078 ND  
Shigella spp (26.7) 
Shiga-like toxin producing 
E. coli (STEC) (18.9) 
Enteroaggregative E. coli 
(EAEC) (16.6) 
Enteropathogenic E. coli 
(EPEC) (12.6) 
Campylobacter spp. (10.8) 
Salmonella spp. (7.6) 
Enterotoxigenic E. coli 
(ETEC) (6.8)  




Children < 10 
years 
1500 ND  
Salmonella spp. (4.28) 
Shigella spp. (2.14) 
Entamoeba 
histolytica (83.58) 




Children < 12 
years 
265 Rotavirus (32.5) 
Enteropathogenic E. coli 
(12.8) 
Enteroaggregative E. coli 
(10.2) 
Enterotoxigenic E. coli 
(5.7) 
Shigella spp. (4.9) 
Salmonella spp. (4.5) 
Campylobacter jejuni/coli 
(1.5) 




spp. (1.5) Giardia 
lamblia (0.8) 









Salmonella spp (24) 
Enterotoxigenic E. coli (9) 
Campylobacter jejuni (7) 
Enteropathogenic E. coli 
(7) 
Shigella (4) 









Adenovirus (7.1)  
Astrovirus (1.7) 
 
E. coli (11.2) Salmonella 
spp. (9.7) 
Shigella spp. (0.8) 
Campylobacter spp. (2.9) 
Aeromonas spp. (4.2) 


















Hepatitis A (0.8) 
Norovirus (0.8) 
E. coli (58.2)  
Shigella spp. (7.4) 
Salmonella spp. (4.1) 














E. coli (10) 
Shigella (7) 
Campylobacler spp (2) 











Children < 3 
years 
402 Rotavirus (8.2) 
Enteropathogenic E. coli 
(EPEC) (32.8) 
Enterotoxigenic E. coli 
(ETEC) (14.2) 
Shigella spp. (3.2) 
Salmonella ssp. (2) 




Children < 12 
years 
300   ND 
Enterohemorrhagic E. coli 
(8.3) 
Shigella spp. (6.7) 
Campylobacter jejuni (5) 
Salmonella spp. (4) 
Yersinia enterocolitica 
(2.7) 
Aeromonas spp. (4.7) 
Plesiomonas spp. (1.3) 













Salmonella spp. (8) 
Escherichia coli (3) 
Shigella spp. (1.5) 
Campylobacter spp. (1.5) 








853  Rotavirus (11.5)  
Salmonella spp. (34) 













Children < 5 
years  
576 Rotavirus (34.6) 
E. coli (13) 
Klebsiella pneumoniae (4) 
Salmonella spp. (3) 

























Salmonella spp. (8.6) 












Children < 14 
years 
1667 Rotavirus (25) 
Enterotoxigenic E. coli 
(ETEC) (11) 
Shigella spp. (9)  
Campylobacter jejuni (8) 
Vibrio cholerae non-O1 (6)  
Salmonella spp. (4) 
Aeromonas hydrophila (9) 









Children < 5 
years 
437 Rotavirus A (22) 
Enteroaggregative E. coli 
(EAEC) )21 (  
Enteropathogenic E. coli 
(EPEC) )14(
Enterotoxigenic E. coli 
(ETEC) (9) 
Enteroinvasive E. coli 
(EIEC) (4) 
Shigella sonnei )3 (  
Shigella flexneri  )4 (
Shigella dysenteriae  )1 (  
Salmonella typhi )2( 
Salmonella paratyphi C 
)1 (  
Campylobacter jejuni (3) 
Giardia intestinalis 
)11( , Entamoeba 
histolytica (5)  
(Saeed et al., 2015) 
Tunisia 12 





Enteroaggregative E. coli 
(EAEC) (23.4) 
Enteroinvasive E. coli 
(EIEC) (12.1) 













Enterotoxigenic E. coli 
(ETEC) (21) 
Enterohemoragic E. coli 
(EHEC) (1.6) 







1.6 Non-typhoidal Salmonella (NTS)—the pathogen, exposure and illness 
As of 2012, more than 2587 serovars of Salmonella enterica have been reported from 
all over the world, and almost all are able to cause illness in animals and humans including 
gastroenteritis and other acute infections (Achtman et al., 2012). Salmonella spp. are capable 
of adapting, growing and/or surviving in a various range of environments including 
temperatures as high as 54 °C or as low as 2 °C, extrac llular pH levels below 3.9 and up to 
9.5 and salt concentrations up to 4% wv−1 NaCl (Xu et al., 2008; Spector and Kenyon, 2012; 
Jarvis et al., 2016). Such exceptional characteristics can have a significant effect on the 
survival of Salmonella outside of the host organism and in food during processing, 
preparation, and storage (Spector and Kenyon, 2012; Yang et al., 2014). In pure cultures, 
Salmonella spp. are normally inactivated by frozen storage at −22 °C in as few as 5 days 
(Manios and Skandamis, 2015); however, freezing does not eliminate the pathogen from 
contaminated foods (Simpson Beauchamp et al., 2010). In addition to its survival in extreme 
conditions, the growth of this pathogen in non-host environments such as natural waters, 
wastewater sludge, soil and compost has also been reported in several studies (Islam et al., 
2004; Levantesi et al., 2012). 
There are two major clinical syndromes caused by Salmonella infection in human: 
the first is typhoid and paratyphoid fever, caused by S. Typhi and Paratyphi, which are highly 
adapted to the human host; and the second major clinical syndrome is the gastrointestinal 
disease caused by a large number of NTS serovars, which are predominantly found in animal 
reservoirs (Gordon, 2008). The most common mode of NTS infection in human is the 
ingestion of contaminated food or water (Fàbrega and Vila, 2013; Eng et al., 2015). Initial 
symptoms are characterized by an acute onset of fever and chills, nausea and vomiting, 




myalgias, and arthralgias (Acheson and Hohmann, 2001; Jones et al., 2008). Gastroenteritis 
caused by NTS is usually self-limiting, lasting for10 days or less, and may be grossly bloody 
(Eng et al., 2015). Salmonella is excreted in faeces after infection, a process that may last for 
a median of 5 weeks; however, the excretion may be prolonged in young children (Sánchez-
Vargas et al., 2011; Chen et al., 2013; Crump et al., 2015). In rare cases, NTS infections 
could develop atypical clinical syndromes of variable severity, including bacteraemia, 
endovascular infection and focal infection (Acheson and Hohmann, 2001; Sánchez-Vargas 
et al., 2011). In developing countries, children with bacteraemia are more likely to have 
predisposing conditions, a higher risk for the incidence of meningitis and increased fatality 
rates compared to adults (Sirinavin et al., 2001; Chen et al., 2013).  
 
1.7 Implication of NTS in diarrhoeal illnesses in the EMR 
The global burden of NTS gastroenteritis is estimated to be 93.8 million human 
infections, with 155 thousand deaths and an average incidence rate of 1.14 episodes/100,000 
persons (Majowicz et al., 2010). This reflects the enormous burden of the disease in both 
industrialized and developing countries (WHO, 2018). For the WHO-defined EMR, the 
median incidence rate of NTS is 1610 illnesses, with 0.6 deaths per 100,000 persons (Kirk et 
al., 2015). The incidence rate of salmonellosis varies substantially between countries across 
the EMR and is influenced largely by the absence of systematic, harmonized national and 
regional surveillance and reporting systems. An epid miological survey in Qatar spanning 
eight years (2004 to 2012) reported that the incidence rate of reported NTS associated 
illnesses ranged between 12.3 and 18.1 cases per 100,000 inhabitants, with most reported 
NTS cases occurring in children under the age of five (Farag et al., 2016). In Lebanon, the 




incidence rate of reported salmonellosis was 13.3 per 100,000 individuals, with an increasing 
trend of the number of NTS cases between 2009 and 2013 (Malaeb et al., 2016). In Jordan, 
the reported rate of human salmonellosis is alarmingly higher than what is reported elsewhere 
across the EMR, with a notification rate of 124 cases per 100,000 persons, as reported in a 
study from 2003 to 2004 (Gargouri et al., 2009). Signif cant associations between climatic 
factors and NST infections have been reported in Iraq (al-Rajab et al., 1988), Jordan (Youssef 
et al., 2000), Tunisia (Al-Gallas et al., 2007), Iran (Jafari et al., 2009), Saudi Arabia (Hegazi 
et al., 2013) and Qatar (Al-Thani et al., 2013). It has been documented that ambient 
temperatures contribute directly to Salmonella multiplication in foods, water and 
contaminated environments and thus propagate the likelihood of infection (Ravel et al., 2010; 
Akil et al., 2014). 
Few studies have been carried out to elucidate the epidemiology of gastrointestinal 
salmonellosis in the EMR, particularly on children. The prevalence rates of NTS range from 
as low as 0.2% to as high as 34% (Casalino et al., 1988; al-Freihi et al., 1993), with the 
highest reported age-related prevalence usually among children under the age of five (Table 
1.2). Published studies reporting the rates of NTS in the EMR countries are summarised in 
Table 1.2. Studies from Iraq (Mosul) (al-Rajab et al., 1988), Iran (Tehran) (Ashtiani et al., 
2009), Saudi Arabia (al-Freihi et al., 1993), Kuwait (Sethi et al., 1989), Morocco (Marrakesh) 
(Benmessaoud et al., 2015) and Yemen (Taha et al., 2013) reveal a noteworthy high incidence 
rate (15% to 34%) of NTS (Table 1.2).  
Several published studies (Table 1.2) indicate that the most widely reported serovars 
associated with acute diarrhoeal disease across the EMR are the Salmonella serovar 
Typhimurium and Salmonella serovar Enteritidis (Ramadan et al., 1992; Ranjbar et l., 2011; 
Taha et al., 2013). Similar to the situation in EMR, S. Typhimurium followed by S. Enteritidis 




America and Oceania (Australia and New Zealand) (Hendriksen et al., 2011). In contrast, S. 
Enteritidis is more frequently reported than S. Typhimurium in human clinical isolates in 
Europe, Asia and Latin America (Galanis et al., 2006). 
The difference in Salmonella prevalence and the diversity of NTS serovars among 
humans is dynamic in nature, and it is not surprising to capture variations between countries. 
Such variations might be attributed to several factors impacting NTS levels in food and water, 
which play a major role in human exposure to infection (Kasimoglu Dogru et al., 2010). 
Among these factors are climate, food-animal production practices, the level of spread of 
specific serotypes in environmental reservoirs and the availability of vaccination programs 
in food animals. Eggs and poultry products have been described as the main vehicles for the 
transmission of human salmonellosis, accounting for the majority of foodborne outbreaks 

































805 46 (5.7) Typhimurium 
(Ismaeel et al., 
2002) 
Djibouti 1 
Children < 16 
years 
Health centres  
Salmonella culture 
(stool) 
209 6 (2.9) 
NS (not 
specified) 











151 11 (7) NS  



































555  42 (7.6) NS (Jafari et al., 2009) 
Iran/Tehran 108  






2487  700 (28.14) NS 


























111  17 (15) 
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Worthington 
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(Al-Kubaisy et al., 
2015) 
Jordan/Irbid  12 
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621  149 (24) NS (Sethi et al., 1989) 
Libya/Zliten  12 






169  23 (13.6)  
Heidelberg 
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122 5 (4.1) NS 
(Benmessaoud et 
al., 2015) 
Oman/Muscat  24 






217 5 (2) NS 












402 8 (2) NS 
(Mubashir et al., 
1990) 
Palestine/Gaza 12 
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Children < 5 
years  




437 3 (0.7) Enteritidis  









115 11 (9.5) 
Enteritidis 
Anatum 
(Al-Gallas et al., 
2007) 






(stool, blood, urine)  








1.8 NTS and the risk of zoonotic exposure from chicken meat products 
Several studies in the EMR investigated the prevalence of NTS in local and imported 
chicken meat, as summarised in Table 1.3. Rates of Salmonella contamination vary between 
countries due to a number of factors including the source and type of sample, slaughterhouse 
sanitation, the level of cross-contamination at the retail level and the detection methods 
employed (Ranjbar et al., 2011; Abd-Elghany et al., 2015). In Iraq, Salmonella contamination 
was reported in 26% of fresh retail chicken meat samples (Al-Rajab et al., 1986) and in 39% 
of raw and frozen chicken carcasses (Noori and Alwan, 2016). Studies in several EMR 
countries have identified low Salmonella prevalence rates in chicken meat, such as in Kuwait 
(Al-Zenki et al., 2007), Tunis/Tunisia (Oueslati et al., 2016), Saudi Arabia/Riyadh (Al-
Nakhli et al., 1999), and Egypt (Ahmed and Shimamoto, 2014; Tarabees et al., 2017). Several 
studies indicated that S. Typhimurium and S. Enteritidis were the most prevalent serovars in 
chicken meat in the EMR (Shah and Korejo, 2012; Ahmed and Shimamoto, 2014; Abd-
Elghany et al., 2015; Amajoud et al., 2017). Interestingly, the two most commonly reported 
Salmonella serovars in human diarrhoeal illness are also the two commonly recovered 
serovars from chicken meat, highlighting the role of chicken meat as an important source of 
salmonellosis in this region. 
To study the zoonotic transmission of NTS at the human–animal–food interface, it is 
important to employ the advances in molecular epidem ology tools. Pulsed-field gel 
electrophoresis (PFGE) and multiple-locus variable-number tandem repeat analysis (MLVA) 
have been widely considered to be the gold standard molecular subtyping and fingerprinting 
methods for tracking the source of Salmonella contamination (Ozdemir and Acar, 2014; 
Chang et al., 2016). However, in recent years, Whole Genome Sequencing (WGS) has 




Salmonella, WGS provides a massive amount of data for research purposes along with the 
rapid acquisition of multilocus sequence types (MLST), serotypes and antimicrobial 
resistance gene data (Kwong et al., 2016; Phillips et al., 2016; Pornsukarom et al., 2018). 
Sequence-based typing can also be used to obtain basic iological insights to explain the 
associations between isolates, thus providing added value to the source attribution (Kwong 
et al., 2016; Kang et al., 2017). In addition to its high discrimination ability, WGS could 
provide additional data about virulence determinants d genome evolution, and such results 
can be easily shared and communicated (Cai et al., 2016; Thompson et al., 2017; Jagadeesan 
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11/180 (6.1) Salmonella culture 
Enteritidis 
Infantis 




15/120 (12.9) Salmonella culture NS (El Shrek and Ali, 2012) 





(Amajoud et al., 2017) 
Pakistan/Hyderabad Chicken meat 38/100 (38) Salmonella culture 
Enteritidis 
Typhimurium. 




78/160 (48.75) Salmonella culture 
Enteritidis 
Typhimurium 
(Shah and Korejo, 2012) 
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(El Hussein et al., 2010) 
Syria Chicken meat 32/100 (32) Salmonella culture NS (Hasan, 2013) 




(Abbassi-Ghozzi et al., 2012) 




(Oueslati et al., 2016) 
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Dubai 






1.9 Antimicrobial resistance in NTS at the interface between human and food of animal 
origin in the EMR 
Antimicrobial therapy is recommended in severe cases nd/or cases of prolonged enteritis, 
meningitis, septicaemia and extra-intestinal complications associated with salmonellosis (Gordon, 
2008; Sánchez-Vargas et al., 2011; Chen et al., 2013). Antimicrobial resistance in NTS has 
increased in recent years worldwide, due to the widespread use of antimicrobial drugs in human 
and veterinary sectors, and poses an on-going threat to global public health (Yildirim et al., 2011; 
Hur et al., 2012; Mukerji et al., 2017). The incidenc  of resistance to traditional antibiotics (e.g., 
ampicillin, tetracycline and streptomycin) is evident to be high in Salmonella isolates from foods 
of animal origin, especially poultry, in EMR countries (Yildirim et al., 2011; Dallal, 2014; Abd-
Elghany et al., 2015; Sodagari et al., 2015). This finding is highly concerning from a public health 
perspective, as many of these traditional (1st generation) antibiotics are still widely prescribed to 
treat diarrhoea in children and adults due to their low cost and availability in developing countries, 
including countries of the EMR (Jassim, 2010; Ahmed et al., 2014). Similar patterns of high 
resistance to these traditional antibiotics are also evident in Salmonella isolated from human 
enteric illnesses, especially in Iraq (al-Rajab et al., 1988), Kuwait (Sethi et al., 1989), Saudi Arabia 
(Kambal, 1996), Jordan (Battikhi, 2002), Iran (Ranjbar et al., 2011), Oman (Prakash, 2008) and 
Libya (Rahouma et al., 2011). 
Studies in Saudi Arabia (Kambal, 1996), and Kuwait (Jamal et al., 1998) reported frequent 
resistance to chloramphenicol in NTS isolated from childhood diarrhoea (although it is not 
approved for human use). Resistance to chloramphenicol i  Salmonella is facilitated by type A 
chloramphenicol acetyltransferase genes (catA1 and catA2) or by cassette-borne type B 




al., 2005). Furthermore, two new chloramphenicol/flrfenicol exporter genes, cmlA9 and floR, 
have recently been identified for phenicol resistance genes in Salmonella isolates (Ahmed et al., 
2014; Michael and Schwarz, 2016). 
Resistance to nalidixic acid (NA) in Salmonella isolates from paediatric cases with enteritis 
was as high as 84.2% in a study in Libya (Rahouma et al., 2011) and was detected at a rate of 
42.3% in a study in Iran (Ashtiani et al., 2009). There is an alarming concern over the increase in 
the resistance of NTS to ciprofloxacin and extended-spectrum cephalosporins (Hur et al., 2012; 
Zhu et al., 2017), given the critical clinical relevance of these antimicrobials. Chromosomal 
mutations in the genes encoding topoisomerase II, gyrAand gyrB, and/or topoisomerase IV, parC 
and parE, accounting for resistance to quinolones/fluoroquinolones, are known to occur in 
Salmonella isolates (Van et al., 2012). More recently, various plasmid-mediated quinolone 
resistance (PMQR) genes including genes qnrD, qnrA, qnrB and qnrS variants, all of which code 
for DNA topoisomerase protecting proteins, as well as the genes qepA and qepAB coding for a 
quinolone-specific efflux pump, and the acetyltransferase aac(60)-Ib-cr, have been identified in 
Salmonella isolates (Hopkins et al., 2007; Herrera-León et al., 2010; Campos et al., 2014). In some 
EMR countries, the increase in resistance is rapid nd considerable; in Libya, a study reported that 
63.1% of human Salmonella isolates were ciprofloxacin-resistant (Rahouma et l., 2011).  
Resistance to β-lactam antibiotics (penicillins, cephalosporins, and carbapenems) in 
Salmonella is mediated by a wide range of β-lactamase enzymes (Zhao et al., 2009). To date, gen s 
coding for 13 different types of β-lactamases have been known in Salmonella. Among them, 
blaAAC/blaDHA/blaCMY/blaTEM genes are of particular importance as the first representative encoding 
of cephalosporinases that hydrolyse most β-lactamase except carbapenems (Zhu et al., 2017). 




treatment, especially in children where treatment with fluoroquinolones is not recommended (Van 
et al., 2012). A study by Rotimi et al. (2008) observed resistance to cefotaxime and ceftriaxone 
among Salmonella spp. isolated from stool samples of patients with acute diarrhoea and 
septicaemia during 2003–2005 in Kuwait and United Arab of Emirates. 
 
1.10 Conclusions 
This review consolidates recent updates on the spectrum of enteric pathogens in the EMR 
region, with special emphasis on NTS. Among bacterial pathogens, NTS infections continue to 
pose a distressing public health concern, notably in ch ldren under five years old. The emergence 
of antimicrobial resistance in Salmonella strains present a great challenge at the human–food
environment interface in terms of the effective trea ment of the infections caused by these strains. 
The EMR spans different countries with varying and evolving socio-economic statuses. Several 
countries in the EMR, notably Iraq, Yemen and Syria, are experiencing similar challenges as a 
result of fragile political situations and insecurity as well as sanitation, food safety, and food 
security issues and an influx of refugees. The public health system in several countries in the EMR 
is struggling to respond to the evolving burden of enteric illnesses due to the lack of surveillance 
of important enteric pathogens, such as S lmonella, at hospital, household and food chain levels 
and would benefit from a multi-dimensional research approach encompassing these levels. 
Bacterial infections and their antimicrobial resistance profiles should be monitored more closely 
across the EMR, especially in vulnerable groups such as children less than five years old. Studies 
focusing on investigating epidemiological and microbiological aspects of infectious diarrhoea in 














Chapter Two - Prevalence, risk factors and antimicrobial resistance of 
Salmonella diarrhoeal infection among children in Thi-Qar Governorate, Iraq 
 
2.1 Preface 
Chapter 2 is the unmodified text version of experimntal research article published in the journal 
of Epidemiology and Infection. Below is the full citation of article that is included in appendix 2. 
Harb, A., O'Dea, M., Hanan, Z.H., Abraham, S., Habib I., 2017. Prevalence, risk factors and 
antimicrobial resistance of Salmonella diarrhoeal infection among children in Thi-Qar 












2.2 Abstract  
We conducted a hospital-based cross-sectional study among children aged <5 years in Thi-Qar 
Governorate, south-eastern Iraq, in order to examine the prevalence, risk factors and antimicrobial 
resistance associated with gastroenteritis caused by Salmonella infection. From 320 diarrhoea 
cases enrolled between March and August 2016, 33 (10. %, 95% confidence interval (CI) 8.4–
12.4) cases were stool culture-positive for non-typhoidal Salmonella enterica. The most commonly 
identified serovar was Typhimurium (54%). Multivarible logistic regression analysis indicated 
that the odds of Salmonella infection in children from households supplied by pipe water was 4.7 
(95% CI 1.6–13.9) times higher compared with those supplied with reverse osmosis treated water. 
Similarly, children from households with domestic animals were found to have a higher odds (OR 
10.5; 95% CI 3.8–28.4) of being Salmonella stool culture-positive. The likelihood of Salmonella 
infection was higher (OR 3.9; 95% CI 1.0–6.4) among children belonging to caregiver with 
primary vs. tertiary education levels. Lower odds (OR 0.4; 95% CI 0.1–0.9) of Salmonella 
infection were associated with children exclusively breast fed as compared with those exclusively 
bottle fed. Salmonella infection was three times lower (95% CI 0.1–0.7) in children belonging to 
caregiver who reported always washing hands after cleaning children following defecation, vs. 
those belonging to caregivers who did not wash hands. The antimicrobial resistance profile by disc 
diffusion revealed that non-susceptibility to tetracycline (78.8%), azithromycin (66.7%) and 
ciprofloxacin (57.6%) were the most commonly seen, a d 84.9% of Salmonella isolates were 
classified as multi-drug resistant. This is the first study on prevalence and antimicrobial resistance 
of Salmonella infection among children in this setting. This work provides specific 





 2.3 Introduction  
Diarrhoea is one of the major causes of mortality among children, accounting for 9% of all 
deaths among children under age 5 worldwide in 2015. This translates to over 1400 young children 
dying each day, or about 526000 children a year (UNICEF, 2017). Salmonellosis is one of the 
most common bacterial diarrhoeal illnesses among children and poses a significant public health 
burden worldwide (CDC, 2011). Globally, the non-typhoidal members of the bacterial species 
Salmonella enterica re estimated to cause 93.8 million episodes of gastroenteritis each year, with 
155000 deaths (Majowicz et al., 2010). In recent years, antimicrobial resistance among non-
typhoidal Salmonella has increased worldwide, due to the widespread use of antimicrobial drugs 
in the human and veterinary sectors. This has limited the therapeutic options for treatment, raising 
global public health concern (Abraham et al., 2014).  
Consumption of contaminated food and water are the two main sources of gastroenteritis 
caused by non-typhoidal Salmonella, although many routes of transmission have been recognized 
including contact with infected farm animals, pets, rodents, birds, reptiles and amphibians, 
environmental contamination, and direct transmission fr m person to person (Mermin et al., 2004). 
However, the source and transmission of gastrointest al non-typhoidal Salmonella infections in 
many developing countries are less well characterised (Graham, 2002). 
In humans, salmonellosis is usually self-limiting disease presented with symptoms such as 
diarrhoea, fever, vomiting, abdominal cramping, and other nonspecific complaints such as 
myalgia, arthralgia, and headache (Hohmann, 2001; Jones et al., 2008). Infants and young children 
are significantly more susceptible to the effects of non-typhoidal Salmonella infection compared 
to other age groups and are therefore also at higher risk of secondary complications (Jones et al., 




cases, with bacteraemic children having a high-risk for development of meningitis resulting in 
increased fatality rates (Sirinavin et al., 2001). 
Developing countries bear the brunt of diarrhoeal illness burden in both mortality and 
morbidity. In South Asia and the Middle East, S. enterica Typhimurium has been particularly 
prominent, with the case-fatality as high as 30% in some outbreaks (Nasrin et al., 2013). The strain 
in this geographic region is considerably more virulent than that found in northern Europe and 
North America (Nic Fhogartaigh and Dance, 2013). The more virulent strains in the poor and 
middle income socio-economic regions have shown to be also associated with extensive resistance 
to antibiotics (Rahman et al., 2001). In the Middle East and North Africa regions, the prevalence 
of non-typhoidal Salmonella diarrhoeal infection among children under age 5 varies widely, 
ranging from 3 % in Egypt (Pazzaglia et al., 1995) to 34% in Saudi Arabia (al-Freihi et al., 1993). 
Obtaining local, accurate epidemiological data on enteric pathogens such as Salmonella is crucial 
to understand and combat diarrhoea in children under ag  5. 
In Iraq, diarrhoea is a major cause of morbidity and mortality in children under the age of 
5 years (Tawfeek et al., 2002). In general, child mortality rate of 13% for boys and 12% for girls 
was reported in Iraq in 2003 (Ahmed et al., 2013). However, identification of the etiological agents 
of diarrhoeal cases is handicapped by the lack of st ol-culture characterization in routine 
diagnostic laboratories. In Baghdad, central Iraq, non-typhoidal Salmonella was the second most 
frequently reported cause of diarrhoea in children under age 5 (Al-Kubaisy et al., 2015). In Mosul, 
northern Iraq, non-typhoidal Salmonella were detected in 15% of diarrhoeal cases in children (al-
Rajab et al., 1988). However, in the south of Iraq, there is no published data on the role of non-
typhoidal Salmonella diarrhoeal infection in children <5 years old and its associated risk factors. 




antimicrobial resistance profiles, and risk factors associated with non-typhoidal Salmonella 
infection in children in Thi-Qar Governorate, south-eastern Iraq. 
2.4 Methods   
2.4.1 Study setting 
 
Thi-Qar governorate is located in south-eastern Iraq, and considered one of the least 
developed governorates in the country. The economy is largely rural and depends mainly on 
agriculture. Thi-Qar is the poorest governorate in Iraq. In 2011, 37.8% of the population lived 
below the poverty line of US$ 2.5 per day (JAU, 2013). 
This study was conducted at two children’s hospitals in central Thi-Qar; Bent Al-Huda Teaching 
Hospital and Mohammed Al-Mousawi Hospital. These are the two government referral hospitals 
that provide a full range of services to both in-patients and out-patients children who reside in 
urban and rural communities in Thi-Qar governorate. Iraq has long summer with hot and dry 
months from March to September and the average temperatures in those months range higher than 
40°C. 
2.4.2 Study design and cases enrolment   
 
All children <5 years old with complaints of acute diarrhoeal disease admitted to the 
outpatient clinics in both hospitals from March to August 2016 were eligible for participation in 
the present study. The World Health Organization (WHO) definition for diarrhoea was used for 
case inclusion. A diarrhoea case was defined as the passage of three or more watery or loose stools 
(within 24 h) (WHO, 2017). A Salmonella infection case was defined in this study as a diarrhoeal 
infection with stool culture-positive for non-typhoidal Salmonella spp. Children were excluded if 




unrelated to diarrhoeal disease or if the caregivers (parents or guardians) refused to provide 
information about their children. The children were evaluated for eligibility for the study by 
paediatricians after the initial clinical examination. 
2.4.3 Specimen collection and questionnaire  
 
Fresh stool specimens were collected from each study participant in sterile screw-capped 
containers. This was facilitated by the nursing staff and laboratory technologists on the day of 
admission to hospital. All samples were immediately placed in Amies transport media with 
charcoal (COPAN, Italy), stored refrigerated (4°C) then transported to the Microbiology 
Laboratory, University of Thi-Qar where testing started on the same day.  
Treating paediatricians were asked to complete a simple form for information on clinical features 
and duration of disease. In addition, a questionnaire was administered to the child’s parent or 
guardian by the research team to gather information on basic demographic, socioeconomic 
indicators, and information on potential risk factors for infection. To ensure the reliability of 
information, all the questionnaires were administered by native Arabic speakers and were checked 
for completeness and consistency every day. 
2.4.4 Microbiology 
 
Isolation and identification of Salmonella from stool specimens were performed as 
recommended by the Global Foodborne Infections Network laboratory protocol (WHO, 2010). 
Briefly, approximately 1 g of faeces was suspended in 9 ml of Buffered Peptone Water and 
incubated at 37 °C for 24 h. Then, 100 μl of pre-enriched suspension was added to 10 ml of 
Rappaport-Vassiliadis Broth (RVB) (Oxoid, England) and incubated at 42 °C for 24 h. In parallel, 




incubated for 24 h at 42 °C. The sample from these two enrichment broths was cultured by 
streaking onto Xylose Lysine Deoxycholate (XLD) agar, Brilliant Green (BGA) agar and 
Salmonella – Shigella (SS) agar (Oxoid, England) and the plates were incubated at 37°C for 18 - 
24 h. Presumptive Salmonella colonies were then confirmed biochemically using the API-20E kit 
(bioMerieux, France). In addition, confirmation was performed by one-step PCR for the S. enterica 
gene invA (521 bp amplicon) using primers invA-F 5′– TTGTTACGGCTATTTTGACCA–3′ and 
invA-R 5′– CTGACTGCTACCTTGCTGATG –3′ as previously described by Swamy et al. (1996). 
Serotyping of Salmonella isolates was performed by the Iraqi National Centre for 
Salmonella, at the Central Public Health Laboratories in Baghdad’s Centre for Disease Control 
and Prevention. Finally, antimicrobial susceptibility testing of Salmonella isolates was performed 
using the disc diffusion method on Mueller-Hinton agar plates according to the guidelines of the 
Clinical and Laboratory Standards Institute (CLSI, 2015) . The following 12 antibiotics were used:  
ampicillin (10 μg), amoxicillin + clavulanic acid (20 μg + 10 μg), ceftriaxone (30 μg), cefotaxime 
(30 μg), ciprofloxacin (5 μg), chloramphenicol (30 μg), gentamicin (10 μg), nalidixic acid (30 μg), 
streptomycin (10 μg), azithromycin (15 μg), tetracycline (30 μg) and trimethoprim 
sulfamethoxazole (1.25μg-23.75 μg) (Mast Diagnostics Ltd, Merseyside, UK). Escherichia coli 
ATCC25922 strain was used as a quality control organism in susceptibility test. Isolates resistant 
to three or more different classes of antimicrobials were classified as multi-drug resistant (MDR). 
2.4.5 Statistical analysis 
 
The binary results of stool-culture testing (Salmonella negative=0/ Salmonella positive=1) 
and variables on demographic, socioeconomic indicators, and information on potential risk factors 




analyzed using STATA version 11.0 for Windows. Descriptive analysis of categorical variables 
was based on frequency summary and using the χ2 t st. The analyses of Salmonella diarrhoeal 
infection risk factors were conducted in two steps. Firstly, the association between potential 
predictor factors (independent variables) and dependent variable (stool-culture positive for 
Salmonella spp.) was initially assessed using univariate logistic regression analysis to quantify the 
strength of association between the independent variables and Salmonella positivity. The second 
stage in the analysis consisted of building a multivariable logistic regression model based on 
potential risk factors identified from the univariate analysis with P-value ≤0.25. The most 
appropriate final model was selected using the backw rd stepwise selection approach. The 
associations between stool-culture positivity for Salmonella spp. and risk factors were assessed by 
Odds Ratio (OR), and 95% confidence intervals (CIs) were considered significant at P-value 
≤0.05. All pairwise interactions between the variables in the final model were examined for 
significance. Goodness of fit of the final model was assessed using the Hosmer-Lemeshow test.  
2.4.6 Ethical consideration 
 
The study protocol was approved by the Murdoch University Human Research Ethics 
Committee (Project No. 2015/224). Permission to conduct the study was also obtained from the 
Ministry of Health, Iraq (Permit No.11/5/393) and the children’s hospitals in Thi-Qar Governorate 
(Permit No.1/4/26885). As the study subjects were children under age 5, informed verbal consent 
was obtained from their caregivers (parents/guardians) before enrolment. The objectives and an 
importance of the present study were explained to all caregivers and confidentiality of their 





2.5 Results  
A total of 320 children with acute diarrhoea were enrolled between March and August 2016 
from the two defined hospitals in Thi-Qar, south-east rn Iraq. For 33 (10.3%, 95% CI 8.4-12.4) 
diarrhoea cases, patient stool culture yielded Salmonella enterica on the day of hospital admission 
and therefore met the criteria for a S lmonella case. Of these, 18 (54.5%) were serotyped as S. 
Typhimurium. Other serotypes included S. Muenchen (4/33), S. Hato (4/33), S. Hadar (3/33), S. 
Enteritidis (3/33), and S. Mbandaka (1/33). 
Responses from the questionnaire administered to the parents/guardians were evaluated to 
determine socio-demographic characteristics among the subjects identified with diarrhoea 
throughout the study period (Table 2.1). Of 320 children with diarrhoea, 180 (56.3%) were males 
and 140 (43.7%) were females. Children aged between 1 a d 2 years showed a significantly 
(P<0.05) higher rate (38.2%) of acute diarrhoea; also, a significantly (P < 0·05) higher rate 
(64·7%) was evident among children from rural areas. Almost one-third (28.4%, 91/320) of the 
caregivers of children admitted with diarrhoea were educated to primary education level only, and 
the majority (86%, 275/320) were unemployed. With regard to water supply and sanitation, in 
76.5% (245/320) of cases the caregivers reported not boiling their water prior to drinking. 
Approximately 30% (98/320) of children with diarrhoea were reported by caregiver to be 
exclusively bottle fed for the first 6 months and were from households containing domestic 
animals. More details are presented in Table 2.1. 
Univariable logistic regression analysis was used to compare potential risk factors between 
Salmonella stool-culture positive and negative diarrhoea cases in Thi-Qar (Table 2.2). Sex and age 
of children, caregiver education level and employment status, breastfeeding, water source and 




and presence of domestic animals in the household swed a P-value <0.25 and were considered 
as potential risk factors in the univariable logistic regression model (Table 2.1). Out of these 10 
potential risk factors, eight remained independently associated with Salmonella infections in the 
final multivariable logistic regression model (Table 2.2). The estimated ORs and their 95% CIs 
are presented in Table 2.2. None of the two-way interactions between variables were statistically 
significant (P>0.05). The Hosmer-Lemeshow goodness-of-fit test suggested no evidence of lack 
of fit of the final model (Hosmer-Lemeshow χ2 = 1.26, P= 0.9960).  
These results (Table 2.2) suggest that, among the cas s enrolled in this study, Salmonella 
diarrhoeal infection was more likely to occur among boys than girls (OR 8.4, 95% CI 2.8- 24.9). 
Children aged between 1 and 2 years had significantly higher odds of Salmonella infection 
compared to those <1year old (OR 8.0, 95% CI 2.9- 22.1). Among the present study subjects, the 
likelihood of Salmonella infection in children from households supplied by pipe water was 4.7 
(95% CI 1.6- 13.9) times higher compared to those supplied with (purchased) reverse osmosis 
treated water. Similarly, children from households with domestic animals were found to have a 
greater odds (OR 10.5; 95% CI 3.8- 28.4) of being Salmonella stool-culture positive. The odds of 
Salmonella infection were higher (OR 3.9; 95% CI 1.0- 6.4) among children belonging to a 






Table 2. 1. Univariable associations of potential risk factors of Salmonella diarrhoeal infection 
among children <5 years old admitted in two hospitals in Thi-Qar Governorate, Iraq 
Variables a Category Total +ve (%) b OR c 95% CI d P-value 
Sex a Male 180 22 (12.2) 1.0 ̶ ̶ 
Female 140 11 (7.8) 0.6 (0.2, 1.3) 0.206 
Age a <1 year 56 2 (3.5) 1.0 ̶ ̶ 
1 and <2 years 122 20 (16.4) 5.2 (1.2, 23.5) 0.028 
2 and <3 years 75 7 (9.3) 2.7 (0.5, 13.9) 0.214 
3 and <4 years 42 3 (7.1) 2.0 (0.33, 13.0) 0.435 
4 and <5 years 25 1 (4) 1.1 (0.1, 13.0) 0.925 
Residence Rural 207 23 (11.1) 1.0 ̶ ̶ 
Urban 113 10 (8.8) 0.7 (0.3, 1.6) 0.526 
Caregiver relation to child Aunt 19  0 (0) ̶ ̶ ̶ 
Mother 301 33 (10.9) ̶ ̶ ̶ 
Caregiver education level a University 56 2 (3.5) 1.0 ̶ ̶ 
High school 72 4 (5.5) 1.5 (0.3, 8.9) 0.601 
Secondary 62 5 (8.1) 2.3 (0.4, 12.7) 0.315 
Primary 91  14 (15.4) 4.9 (1.1, 22.5)  0.040 
Illiterate 39 8 (20.5) 6.9 (1.4, 34.9) 0.018 
Caregiver employment status a Not working 275 24 (8.7) 1.0 ̶ ̶ 
Working 45 9 (20.0) 2.6 (1.2, 6.1) 0.025 
Breastfeeding pattern in the first 
6 months of age a       
Exclusive bottle fed 98 16 (16.3) 1.0 ̶ ̶ 
Exclusive breast fed 164 10 (6.1) 0.3 (0.1, 0.7) 0.010 
Mix -breast and bottle fed 58 7 (12.1) 0.7 (0.2, 1.8) 0.470 
No. of children <5 years living in 
the household 
1 59 6 (10.2) 1.0 ̶ ̶ 
2 141 13 (9.2) 0.8 (0.3, 2.5) 0.835 
3 87 12 (13.8) 1.4 (0.5, 4.0) 0.515 
4 33 2 (6.1) 0.5 (0.1, 2.9) 0.507 
Water source a Reverse osmosis water 135 6 (4.4) 1.0 ̶ ̶ 
Municipal (pipe) water 185 27 (14.6) 3.6 (1.4, 9.2) 0.005 
Water boiling a Yes 75 2 (2.6) 1.0 ̶ ̶ 
No 245 31 (12.6) 5.3 (1.2, 22.6) 0.025 
Hand washing before food 
preparation 
Not at all 94 9 (9.6) 1.0 ̶ ̶ 
Yes, sometimes 183 20 (10.9) 1.2 (0.5, 2.6) 0.728 
Yes, always 43 4 (9.3) 0.9 (0.3, 3.3) 0.960 
Hand washing after cleaning 
child defecation a 
Not at all 28 5 (17.8) 1.0 ̶ ̶ 
Yes, sometimes 103 13 (12.6) 0.6 (0.2, 2.0) 0.478 
Yes, always 189 15 (7.9) 0.4 (0.1, 1.2) 0.100 
Hand washing before feeding the 
child a 
Not at all 65 3 (4.6) 1.0 ̶ ̶ 
Yes, sometimes 120 15 (12.5) 2.9 (0.8, 10.6) 0.097 
Yes, always 135 15 (11.1) 2.5 (0.7, 9.2) 0.145 
Hand washing after using the 
toilet 
Not at all 21 2 (9.5) 1.0 ̶ ̶ 
Yes, sometimes 125 10 (8.0) 0.8 (0.2, 4.0) 0.814 
Yes, always 174 21 (12.1) 1.3 (0.3, 6.0) 0.733 
Domestic animals in the 
household a 
No 222 13 (5.8) 1.0 ̶ ̶ 
Yes 98 20 (20.4) 4.1 (1.9, 8.6) <0.001 
 
OR, odd ratio; CI, confidence interval 
a Variables with P < 0.25; risk factor offered to the final multivarible logistic model 






Among the cases enrolled in this study, lower odds (OR 0.4; 95% CI 0.1- 0.9) of Salmonella 
infection were associated with children exclusively breast fed compared with those exclusively 
bottle fed. According to the model results, the odds of Salmonella infection in children belonging 
to caregivers who reported always washing hands after cleaning child defecations was three times 
lower (95% CI 0.1- 0.7) compared with those belong to caregivers who did not wash hands at all 
(Table 2.2). The main significant clinical feature associated with Salmonella diarrhoeal infection 
among children investigated during this study was abdominal pain (P= 0.001). Other features like, 
fever, vomiting, duration and consistency of diarrhoea did not differ significantly between 
Salmonella stool-culture positive and negative cases (Table 2.3).
Table 2. 2. Multivariable logistic regression model of risk factors significantly associated with 
Salmonella diarrhoeal infection among children < 5 years old admitted in two hospitals in Thi-Qar 
Governorate, Iraq 
Risk factor OR a 95% CI b S.E. c P-value 
Sex - Male  
(vs. Female) 
 
8.4 (2.8, 24.9) 4.668 <0.001 
Age - 1 and <2 years  
(vs. <1 year) 
 
8.0 (2.9, 22.1) 4.160 <0.001 
Water source - Municipal (pipe) water  
(versus Reverse osmosis water) 
 
4.7 (1.6, 13.9) 2.609 0.004 
Breastfeeding pattern in the first 6 months of age  
- Exclusive breast fed  
(vs. Exclusive bottle fed) 
 
0.4 (0.1, 0.9) 0.179 0.040 
Domestic animals in the household – Yes 
(vs. NO) 
 
10.5 (3.8, 28.4) 5.345 <0.001 
Hand washing before feeding the child –  
Yes, sometimes (vs. Not at all) 
 
2.6 (1.0, 6.4) 1.198 0.033 
Caregiver education level – Primary  
(vs. University) 
 
3.9 (1.0, 6.4) 1.964 0.007 
Hand washing after cleaning child defecation –  
Yes, always (vs. Not at all) 
0.3 (0.1, 0.7) 0.136 0.009 





Table 2. 3. Clinical features associated with Salmonella diarrhoeal infection among children <5 
years old admitted in two hospitals in Thi-Qar Governorate, Iraq 
Clinical feature Category -ve (%)a +ve (%)b Total Chi-square  P-value 
Fever No 204 (71.1) 19 (57.6) 223 (69.7) 2.55 0.110 
Yes 83 (28.1) 14 (42.4) 97 (30.3) 
Vomiting No 115 (40.1) 12 (36.4) 127 (39.7) 0.17 0.680 
Yes 172 (59.9) 21 (63.6) 193 (60.3) 
Abdominal pain No 106 (36.9) 3 (9.1) 109 (34.1) 10.21 0.001 
Yes 181 (63.1) 30 (90.9) 211 (65.9) 
Diarrhoea (duration in 
days) 
1  70 (24.4) 7 (21.2) 77 (24.1) 2.07 0.722 
2  97 (33.8) 12 (36.4) 109 (34.1) 
3 56 (19.5) 9 (27.3) 65 (20.3) 
4 42 (14.6) 4 (12.1) 46 (14.4) 
5 22 (7.67) 1 (3.0) 23 (7.2) 
Consistency of diarrhoea Bloody and Mucoid (mixed) 28 (9.7) 1 (3.0) 29 (9.1) 1.83 0.400 
Mucoid 66 (23.0) 7 (21.2) 73 (22.8) 
Watery 193 (67.3) 25 (75.8) 218 (68.1) 
a +ve = stool-culture positive for Salmonella. 
b −ve = stool-culture negative for Salmonella. 
 
 The results of antimicrobial susceptibility of Salmonella isolated from diarrhoeal 
infection indicate that all isolates were resistant to at least one of the 12 antimicrobials, with 
exception to chloramphenicol (Table 2.4). Resistance was most commonly detected to tetracycline 
(78.8%), followed by azithromycin (66.7%), ciprofloxacin (57.6%), 
trimethoprim/sulfamethoxazole (51.5%), streptomycin (48.4%) and nalidixic acid (45.5%). In 
addition, we identified a high level of resistance to third-generation cephalosporins including 
cefotaxime (42.4%) and ceftriaxone (36.4%). A lower r sistance rate was observed against 
gentamicin (27.3%), ampicillin (12.1%) and amoxicill n/clavulanate (6.1%) (Table 2.4).  Among 
the 33 non-typhoidal Salmonella isolates, multidrug resistance to three or more antimicrobials was 
recorded in 28 (84.9%) of the isolates, and resistance to five or more antimicrobials was detected 




of the isolates. Moreover, S. Typhimurium were more frequently encountered with resistance to 
clinically relevant antibiotics compared with isolates from other serotypes (Table 2.5). 
 
Table 2. 4. Antimicrobial Susceptibility patterns of non-typhoidal Salmonella isolates (n= 33) from 
children     < 5 years old admitted in two hospitals in Thi-Qar Governorate, Iraq 
  
 










   
Penicillins                                            Ampicillin (AMP)   4 (12.1) 6 (18.2)  23 (69.7) 
β- lactams                                          Amoxicillin/clavulanate (AUG) 2 (6.1) 3 (9.1) 28 (84.8) 
3rd generation Cephalosporins                Cefotaxime (CTX) 14 (42.4) 12 (36.4) 7 (21.2) 
                                                           Ceftriaxone (CRO) 12 (36.4) 11 (33.3)  10 (30.3) 
Aminoglycosidess                                   Gentamicin (GM) 9 (27.3) 10 (30.3) 14 (42.4) 
                                                           Streptomycin (S) 16 (48.4) 12 (36.4)  5 (15.2) 
Phenicols                                           Chloramphenicol (CHL) 0 (0.0) 0 (0.0) 23 (100) 
Fluoroquinolone                                       Ciprofloxacin (CIP) 19 (57.6) 8 (24.2) 6 (18.2) 
Tetracyclines                                           Tetracycline (TET) 26 (78.8) 2 (6.1) 5 (15.1) 
Macrolides                                         Azithromycin (ATH) 22 (66.7)  0 (0.0) 11 (33.3)  
Quinolones                                         Nalidixic acid (NA) 15 (45.5) 8 (24.2) 10 (30.3) 




Table 2. 5. Antimicrobial multi-resistance profiles of Salmonella serotypes isolated from children < 
5 years old admitted in two hospitals in Thi-Qar Governorate, Iraq 
No. Antimicrobials Salmonella serotypes Antimicrobial multi-resistance profile* 
1 Mbandaka  TET 
2 Typhimurium TET, S 
2 Typhimurium TET, S 
2 Typhimurium TET, CTX  
2 Typhimurium TET, ATH 
3 Typhimurium TET, AHT, TS 
3 Typhimurium TET, ATH, CTX  
3 Typhimurium NA, ATH, CTX  
4 Typhimurium TET, ATH, CTX, GM  
4 Typhimurium TET, ATH, CTX, CIP 
4 Typhimurium TET, ATH, NA, S 
4 Hadar TET, CRO, CIP, TS 
4 Hato TET, CRO, S, GM,  
4 Hato ATH, NA, CTX, TS, 
5 Hato ATH, CRO, S, NA, TS    
5 Hato TET, CRO, S, NA, CIP     
5 Hadar TET, CRO, CIP, TS, GM 
5 Hadar TET, ATH, CIP, NA, GM 
5 Enteritidis TET, ATH, CIP, S, TS 
5 Typhimurium TET, ATH, CTX, CIP, TS 
5 Typhimurium NA, ATH, CTX, TS, S 
6 Enteritidis TET, ATH, CIP, S, TS, CRO   
6 Muenchen TET, ATH, CIP, S, NA, CTX 
6 Muenchen TET, ATH, CIP, TS, S, NA,  
6 Muenchen CRO, ATH, CIP, TS, NA, CTX 
6 Typhimurium TET, ATH, CTX, CIP, TS, S 
7 Typhimurium TET, ATH, CIP, CTX, TS, NA, S 
7 Typhimurium TET, ATH, CIP, CRO, TS, NA, GM  
7 Muenchen TET, ATH, CIP, S, NA, CTX, GM 
7 Enteritidis AMP, TET, CIP, S, CRO, CTX, GM 
7 Typhimurium AMP, AUG, CIP, S, CRO, TS, GM  
7 Typhimurium AMP, AUG, CIP, CRO, TS, NA, GM  
7 Typhimurium  AMP, TET, CIP, CRO, TS, NA, ATH 
* AMP, Ampicillin; AUG, Amoxicillin/clavulanate; CTX, Cefotaxime; CRO, Ceftriaxone; GM, Gentamicin; S, Streptomycin; 







2.6 Discussion   
To the best of our knowledge, this is the first study to investigate the role of non-typhoidal 
Salmonella in the epidemiology of diarrhoea in children <5 years old in south of Iraq. The key 
findings arising from this study provides better insight on prevalence and key risk factors 
associated with non-typhoidal Salmonella infection in children in Thi-Qar, the poorest governorate 
in Iraq.  
In the present study, the prevalence of nontyphoidal Salmonella in children <5 years in 
Thi-Qar was slightly lower compared with findings from studies in north of Iraq (15%) (al-Rajab 
et al., 1988) and in the neighbouring Kuwait (18%) (Sethi et al., 1989). Nevertheless, the 
prevalence concluded from the current study was shown t  be higher than what was concluded 
from studies in Baghdad, the capital of Iraq (4%) (Al-Kubaisy et al., 2015), and from many other 
Middle Eastern countries, such as, Turkey (5.2%) (Küçük et al., 2016) and Iran (7.6%) (Jafari et 
al., 2009), all in paediatric patients. It is important to note that direct comparison of our results 
with findings from other regional studies should be tr ated with caution, given differences in 
sample size, study period, and laboratory testing methods in each study. The sampling period in 
our study was mainly focusing on the summer months, which might also affect the prevalence 
results. Nevertheless, this is the first study on prevalence and antimicrobial resistance of 
Salmonella infection among children in this setting.  
In the present study, the proportion of cases cultured positive for Salmonella was in line 
with data from neighbouring countries including Jordan (Battikhi, 2002) and Saudi Arabia (Al-
Jurayyan et al., 1994), with Salmonella isolation rates in children as 10.7% and 10.5%, 
respectively. These former studies also concluded that in children <5 years and the highest 




findings regarding the dominance of S. Typhimurium, similar results could be revealed from 
studies in Iraq (al-Rajab et al., 1988) and Bangladesh (Rahman et al., 2001), underlying S. 
Typhimurium as an important serotype associated with diarrhoeal illnesses in children <5 years 
old in Iraq, as well as other developing countries. 
In the present study setting, age and gender of children were highlighted by the final 
multivariable model as important risk factors associated with nontyphoidal Salmonella diarrhoeal 
illness in children <5 years old in Thi-Qar. Despite being intriguing findings, future case–control 
studies might be needed to confirm the validity of this finding. Previous studies from neighbouring 
countries such as Qatar (Ehlayel et al., 2013) and Turkey (Küçük et al., 2016) indicated no 
statistically significant difference between boys and girls. However, other investigations from 
Taiwan (Lee et al., 2012) found a resembling finding to ours, with statistically significant higher 
Salmonella infection in boys compared with girls. With regard to age, our results show that the 
highest numbers of cases among the study subjects were among children aged between 1 and 2 
years. This is consistent with previous studies done in Iraq (al-Rajab et al., 1988), and also in 
neighbouring countries such as Jordan (Youssef et al., 2000) and Iran (Jafari et al., 2009), where 
also the highest frequency of Salmonella-positive stool cultures were reported in the age group 
between 1 and 2 years. This could be due to an immaturity of the immune system and the slow 
development of immune competence in the postnatal and childhood years (Upham et al., 2002). 
Furthermore, the risk of putting contaminated fingers and fomites in the mouth increased 
susceptibility to infectious diseases due to physiological behaviour such as teething and crawling 
which begins at this age (Shah et al., 2012).  
Our findings indicate that in the current study setting, children belonging to the mothers 




compared with the mothers with a higher education level. On the contrary to our findings, a study 
in the USA (between 1997 and 2007) found that the highest rates of Salmonella infections are in 
families with a high educational attainment (Younus et al., 2007). The reasons for this 
contradiction are not clear. However, it could be hypothesized that, in the USA where the study 
was done, the more educated the mothers are, the more they could be capable of searching and 
receiving health care.  
In this study, the pipe source of water (municipality supplied) was found to be a significant 
risk factor associated with Salmonella infection in children, and boiling water had a protective 
effect against Salmonella infection. These findings might indicate that contamination of drinking 
water by Salmonella could occur at some stages from the source to the point of use. Added to that, 
Salmonella has a well-documented capacity for colonizing surfaces and replicating in biofilms of 
distribution system pipes (Jones and Bradshaw, 1996). Studies in some South Asian countries 
corroborated that the use of municipal water was a major risk factor for typhoid and non-typhoidal 
Salmonella outbreaks as reported in Pakistan and Nepal, respectively (Bhatta et al., 2007; Farooqui 
et al., 2009). In Iraq, it is a common practice to st re water in tanks and barrels at home for days 
before consumption (Latif and Rossle, 2015). According to the United Nations data in 2013, the 
availability of drinking water in Thi-Qar province was reported as ‘bad or very bad’ by 69% of the 
population (JAU, 2013). Collectively, our finding adds to the body of evidence that unsafe water 
consumption should be regarded among the significant factors associated with children infection 
with non-typhoidal Salmonella in Iraq. 
In the present study, exposure to domestic animals in the household was a significant risk 
factor for Salmonella infection. This finding is not surprising as the correlation between 




studies (Sato et al., 2000; Younus et al., 2010). Our study supports the hypothesis that animals 
living in proximity to the household are potential sources of human salmonellosis. 
The final multivariable model (Table 2.2) indicates that exclusive breastfeeding and 
mother’s hand washing after cleaning children following defecation are significant protective 
factors. Despite the significance of these findings, it i  important to mind the risk of self-reported 
bias associated with such outcomes. Previous research showed that exclusive breastfeeding for the 
first 6 months is protective against development of salmonellosis and other enteric diseases among 
infants (Williams et al., 2016). Added to that, several case– control studies in children with 
gastroenteritis from different countries (Rowe et al., 2004; Jones et al., 2006; Bassal et al., 2014) 
have demonstrated that breastfeeding is a significat f ctor in the prevention of severe 
salmonellosis, which might have a biological explanation given the well-documented protective 
effect of breast milk against infections (France et al., 1980). Conversely, bottle feeding was a risk 
factor associated with Salmonella, which can be explained by inappropriate washing ad 
sterilization conditions of bottles, or unhygienic storage and possible contamination of formula 
during the preparation of bottles (Williams et al.,2016). Another protective explanatory variable 
was mother’s hand washing after cleaning children following defecation. Caregivers should 
always be encouraged to wash their hands after use of a toilet and before feeding the child in 
particular, as contamination of hands with faecal mtter leads to contamination of surfaces and 
foods. This indirect contamination pathway has been highlighted previously as important in the 
transmission of enteric pathogen (Jensen et al., 2015). 
With regard to clinical manifestations, we found that abdominal pain was most commonly 
occurring in 65.9% of cases (211/320) of salmonellosis among children <5 years in Thi-Qar. This 




features such as fever, vomiting, duration, and consistency of diarrhoea were not as significant in 
our study, which is similar to a study in Taiwan (Huang et al., 2012). Antibiotic treatment is 
required in severe cases of gastroenteritis and whenever serious complications are caused by 
Salmonella infection. In our study, Salmonella isolates showed a high frequency of resistance to 
tetracycline, azithromycin, ciprofloxacin, and trimethoprim/sulfamethoxazole which are currently 
recommended for empirical treatment by physicians. 
In a study in Iran, Ranjbar et al. (2011) observed a high resistance to nalidixic acid (61.2%) 
and streptomycin (42.8%) among Salmonella strains isolated from paediatric cases with enteritis 
during 2007– 2008. This is consistent with the present results, which also demonstrate a high 
percentage of nalidixic acid and streptomycin resistance. Added to that, our study revealed that 
42.4% and 36.4% of the isolates were resistant to two common third-generation cephalosporins, 
cefotaxime, and ceftriaxone, respectively. The rateof resistance to these antibiotics in the current 
study setting in Thi-Qar, south-eastern of Iraq, was much higher than other findings in Kuwait and 
United Arab of Emirates (Rotimi et al., 2008). This is alarming because third-generation 
cephalosporin antibiotics are among the first-line drugs for treatment of salmonellosis in children.  
We report in this work some low rates of resistance among Salmonella isolated from children in 
Thi-Qar to gentamicin, amoxicillin/clavulanate, and ampicillin. This is in concordance with a study 
performed in the neighbouring country Kuwait, where Jamal et al. (1998) observed low levels of 
resistance to amoxicillin/clavulanate (7%) and ampicillin (17%) among Salmonella spp isolated 
from children and adults during 1990–1993. We also report an alarming high prevalence of MDR 
among Salmonella isolated from children in Thi-Qar. This might be explained by the fact that 
antimicrobial medications in Iraq, as in many other d veloping countries, are readily available for 




in 2003, there has been little central governance on antibiotic use in humans or the animal sector, 
and the widespread potential for misuse and overuse might be a contributing factor to such 
alarming resistance profiles seen in this study (Jassim, 2010). 
 Thi-Qar is regarded as the poorest governorate in Iraq. Conducting research in resources-
limited settings is very challenging, and in general doing research in Iraq in the shadows of civil 
unrest, war, and insecurity is even much more confronting. Our study faced with some limitations. 
First, the study was conducted during the summer, which is the peak season for diarrhoea in Thi-
Qar. Such peak might be attributed to increase in outdoor activities, increase in flies and rodents’ 
density in the summer, and the challenge in maintaining cold chain (e.g. for food commodities) in 
the hot months, as provoked by frequent electricity outage due to sand storms and heat waves in 
the study area. This is the first baseline research ttempt in this region of Iraq, and it was important 
to target a sampling time frame that allows us to access a large number of Salmonella cases. 
Second, this study involved only children <5 years, given the vulnerability of such group to 
diarrhoea. The findings from this study cannot be generalizable to children older than 5 years; 
however, it provides valuable baseline information f r the public health sector and for combating 
important enteric illnesses in Thi-Qar.  
 
In conclusion, this study indicates that nontyphoidal Salmonella is an important cause of 
diarrhoea in children in Thi-Qar, which is the poorest governorate in Iraq. Boiling water, 
breastfeeding, hand washing practices, and avoiding animal contact in domestic setting could 
contribute to reducing the risk of transmission of n n-typhoidal Salmonella from contaminated 
environments. A high prevalence of the antimicrobials-resistant isolates is a significant public 




antimicrobials and a dedicated centrally run stewardship programme is needed in Iraq in both 
human and veterinary medicine sectors. This work provides local, specific epidemiological data, 
















































































Chapter Three - Socio-demographic determinants of health-care seeking 
options and alternative management practices of childhood diarrhoeal illness: 




The contents of this chapter have been submitted for publication at BMC Public Health, entitled 
“Socio-demographic determinants of health-care seeking options and alternative management 
practices of childhood diarrhoeal illness: A household survey among mothers in Iraq”. The text of 
this chapter is the same as the submitted version of the manuscript except for minor modifications, 











Diarrhoea is one of the major causes of child morbidity and mortality in low income and 
developing countries. Children under the age of five years are particularly vulnerable with 
diarrhoea accounting for more than one-quarter of all de ths in this age group.  Children under five 
years of age are estimated to account for 8% of total diarrhoeal deaths worldwide in 2016 
(UNICEF, 2018). The problem has been widely attribued to lack of access to quality healthcare 
and effective treatments (Fischer Walker et al., 2012; Diouf et al., 2014; Pop et al., 2014; Troeger 
et al., 2017). 
In Iraq, the impacts of wars, sanctions and sectarian v olence have left a shattered health 
system and an ongoing public health emergency impacting vulnerable sections of the population, 
particularly children (Ascherio et al., 1992; Ali and Shah, 2000; Daponte and Garfield, 2000). The 
United Nations International Children’s Emergency Fund (UNICEF) has indicated that diarrhoea 
is the second most common cause of death among Iraqi children under five years of age (UNICEF, 
2004). A study in Baghdad hospitals between 1990 and 1997 reported a mortality rate of 28.6% 
among children aged less than five years experiencing diarrhoeal diseases (Tawfeek et al., 2002). 
In addition, a national study analyzing data from the Iraqi Multiple Indicator Cluster Survey 
showed that 21.3% of the children under-five had diarrhoea (Siziya et al., 2009).  
Most of the deaths attributed to diarrhoea result from dehydration following excessive losses of 
fluid and electrolytes. Thus, if home-based therapies are not effective at curbing symptoms then 
providing children with prompt access to health-care is critical for avoiding fatality (Das et al., 
2013; Adane et al., 2017). Once health care is accessed, affordable and effective interventions exist 
in the form of oral rehydration therapy (ORT) combined with oral zinc supplements. When these 




(Mengistie et al., 2012; Habib et al., 2013; Mahapatra et al., 2015). A critical factor in the survival 
of these cases is therefore the level of maternal uderstanding of the effective options for home-
based management and the symptoms that signal the need to access health-care (Othero et al., 
2008; Manna et al., 2013; Omore et al., 2013; Adane et al., 2017). Practices that conflict with the 
World Health Organization (WHO) treatment guidelines for the management of childhood 
diarrhoea (WHO, 2005) are sometimes relied upon in the home and include restriction of fluids, 
breast milk and/or food intake during diarrhoea episodes, and incorrect use of medicines (Gizaw 
et al., 2017; Acharya et al., 2018). At the very least these delay access to potentially life-saving 
therapy or may even act to hasten mortality. 
The literature clearly establishes a socio-demographic gradient influencing the occurrence 
of diarrhoea in many countries (Gebru et al., 2014; Sinmegn Mihrete et al., 2014; Woldu et al., 
2016; Adane et al., 2017). Much less is known about the extent to which socio-demographic factors 
influence the maternal management of diarrhoea onceit d velops (Gebru et al., 2014). In Iraq, 
despite the dire impact of diarrhoea on the survival of children, there are no studies examining the 
influence of socio-demographic factors on how mothers seek access to health care when their 
children develop diarrhoea. The present study was therefore undertaken to examine home-based 
management of diarrhoeal disease in children in Thi-Qar governorate of Iraq and specifically to 
identify the socio-demographic factors associated with health care-seeking practices of mothers of 
under-five children. The results of this study provide important baseline information to inform 








3.3.1 Study setting 
 
A cross-sectional study was conducted in Thi-Qar Governorate, south-eastern Iraq between 
March 2016 and February 2017. Thi-Qar has an area of 12,900 km2, and is divided into 5 districts 
(Nassriya, Al-Shatra, Al-Rifa’i, Suq Al-Shoyokh and Al-Chibaysih) with a total population of 
1,742,852 as projected for the year 2013 (JAU, 2013). Thi-Qar Governorate was targeted in this 
study because it is considered as the least developed governorate in Iraq; with 37.8% of the 
population living below the poverty line of US$ 2.5 per day (JAU, 2013). The economy of Thi-
Qar is largely rural and dependent on livestock and crop production. Unpublished data from the 
Surveillance Unit in Thi-Qar Public Health Division has documented frequent occurrences of acute 








Figure 1. 1 Map of Iraq (left) and the study settings in Thi-Qar (right). The five districts of Thi-Qar are 
depicted according to the proportion of population living below the poverty line (according to: Joint 





3.3.2 Study population and sampling procedures 
 
In the present study we targeted mothers who had a child or children under-five years old. 
Information on the number of households and the population demographic map in Thi-Qar districts 
was supplied by the Primary Health Care Center (PHCC) in each district. A household was 
considered eligible for the survey if the following criteria were met: a) at least one child aged under 
60 months living in the home; and, b) the caregivers (mothers) were aged above 18 years and were 
willing to participate in the interview. In the case where the family had more than one eligible 
child then only one child was randomly selected for inclusion in the study. Mothers were 
approached for interview in their household by field workers who were all female public health 
nurses affiliated with Thi-Qar Public Health Division. The principal investigator/author of this 
study provided five days of training for ten field workers and two quality control supervisors on 
the administration of the interview questions. 
The sample size of the interviewed mothers was estimated using the single population 
proportion formula Z2 p (1-p)/d2, where p is prevalence of diarrhoea (assumed 0.5), d is the 
required margin of error (assumed 0.05), and Z is the normal distribution critical value 
corresponding to 95% confidence, resulting in a sample size of 384. Additional 116 samples (30% 
of the calculated sample size) were added to compensat  for the anticipated non-response rate, 
resulting in a targeted sample size of 500 mother-cild paisr. Two stages of sampling were 
conducted to select study participants from Thi-Qar community. In the first stage, five villages in 
each of the five districts of Thi-Qar were selected using a simple random sampling method; thus, 
a final sampling frame of 25 villages was eligible for the study. In the second stage of sampling, a 
listing of households with at least one child aged un er-five years in each of the selected villages 




selected from this using a systematic random sampling technique. Hence, a total of 500 households 
with eligible mothers of children under-five years of age were recruited into the survey. 
3.3.3 Questionnaire administration and ethical considerations 
 
Household survey data were collected using a structu ed questionnaire. The questionnaire 
was prepared in English and translated to Arabic, and then back translated into English to assure 
the consistency and accuracy of the questions. The survey questionnaire was pilot tested with a 
group of mothers (n= 10) in one of the study districts n order to evaluate face validity and overall 
understanding of the questions. The questionnaire was divided into; a) general and demographic 
information of the mother and child; b) self-reported information on incidence of child diarrhoea; 
c) mother’s knowledge about diarrhoeal disease; d) mother’s intended actions in response to 
diarrhoea in their children aged under 5 years. 
3.3.4 Measures and statistical analysis  
 
The collected questionnaire data were stored in Epi-Info version 3.5.1 software and then 
exported for descriptive analysis in Stata version 11.0 (Stata Corp, College Station, TX, USA). 
The interviewers gathered data on the occurrence of diarrhoea by asking mothers “Did any of your 
children aged five and below pass a loose watery stool with or without blood continuously for 
more than three times in any particular day in the last two weeks?”. For this response, univariable 
logistic regression was used to explore the relationship between predictor variables and the binary 
answers (yes/no) reported by the mothers (Table 3.1). Following from the initial univariable 
model, the analysis consisted of building a multivariable logistic regression model based on 
potential predictor factors indicated from the univar able analysis with P-value ⩽0.25. The most 




Mihrete et al., 2014). The associations were assessed by odds ratio (OR) and 95% confidence 
intervals (CIs), and were considered significant at P-value ⩽0.05. All pairwise interactions 
between the variables in the final model were examined for significance. Goodness of fit of the 
final model was assessed using the Hosmer–Lemeshow test.  
Mothers were further asked about home-based management options and types of health-
care facilities that they seek in response to diarrhoea in their children under-five years old. The 
key outcome measures (dependent) variable were; a) mother’s choice of treatment seeking options; 
and b) alternative and/or home-based diarrhoea management options considered by the mother for 
management of childhood diarrhoea. The individual exp oratory socio-demographic (independent) 
variables those were assessed as predictors for mother’s choices are; education level; employment 
status; age; district poverty index (categorized based on the proportion of population lived below 
the poverty line of US$ 2.5 per day (JAU, 2013)). Because the outcomes consisted of categorical 
responses the discrete choice model based on multinomial logistic regression was used for analysis 
(Sinmegn Mihrete et al., 2014) by deploying the procedure “mlogit” in Stata. In this analysis, the 
reference category and a set of logistic regression were computed as follows; for health care 
seeking – the options were medical center, pharmacy vendor, and the reference category was the 
option of mothers not seeking treatment (no action). While for alternative and/or home-based – the 
options were purchase of medicine from pharmacy, provide homemade fluids, provide herbal 
remedies, and the reference category was to consult a traditional healer for assistance. These 
options are then, contrasted one after the other against reference categories. The relative risk ratios 
(rrr ) were applied to examine the multivariate influenc of the selected socio-demographic 
variables on mothers’ choices of health-care seeking a d alternative management options of 




square. The importance of this statistic was to show whether the model fits significantly than an 
empty model, which is a model not including any of the explanatory variables of the study. 
Statistical significance was set at 5% (P-value ≤ 0.05). 
3.3.5 Ethical approval  
 
Informed consent was obtained from the mothers before c mmencing the questionnaire 
interviews. Aim and objectives of the study were explained to all of the interviewed mothers and 
confidentiality of their information was confirmed. The study protocols have been reviewed and 
approved by the Murdoch University Human Research Ethics Committee (Permit No. 2015/224). 
Permission to conduct the study was also obtained from the Ministry of Health, Iraq (Permit 
No.11/5/393) and Public Health Division in Thi-Qar Governorate (Permit No.1/4/29364). 
 
3.4 Results  
Interviews were completed between March 2016 and February 2017 with 500 mothers in 
Thi-Qar, south-eastern Iraq. Of these, 35.2% (176/500) reported that a child, less than 5 years old, 
in their household suffered from diarrhoea in the two weeks prior to the interview. Data 
characteristics among the interviewed 500 mother-child pairs are presented in Table 3.1. The 
number of total inhabitants in the participating households ranged between 4 and 15 (median= 9 
inhabitants), while the number of children less than 5 years old ranged between 1 and 4 (median= 
2 children). Of the 500 children, 284 (56.8%) were males and 216 (43.2%) were females. Age of 
children ranged between 3 and 55 months (median= 20 months), while age of mothers ranged 




reported receiving a health education message on management of child diarrhoea from the local 
health department, and 39.2% (196/500) of them indicated they knew the signs of child diarrhoea. 
Univariable logistic regression analysis was used to screen predictor factors associated with 
the self-reported occurrence of diarrhoea as indicated by mothers (Table 3.1). District of residence, 
age of child, number of inhabitants in the household, breastfeeding pattern in the first six months, 
age of mothers, employment status, education level, and the delivery of health education message 
to mothers (from the local health department on management of child diarrhoea) showed a P-value 
<0.25 and hence considered as potential predictor factors based on the univariable logistic 
regression model (Table 3.1). Out of these eight potential predictor factors, three were identified 
by the final multivariable logistic regression model as independently associated with the 
occurrence of diarrhoea reported by the mothers (Table 3.2). The estimated ORs and their 95% 
CIs of the multivariable logistic regression model are presented in Table 3.2. These results (Table 
3.2) suggest that the reported occurrence of diarrhoea in their children was more likely to occur 
among mother-child pairs residing in Al-Rifa’i [58.9% (69/117)] and Nassriya (48.2% (42/87)) 
districts, and less likely to occur among mother-child pairs from Suq Al-Shoyokh district [9.3% 
(8/86)]. Among the study subjects, the least likelihood of reported occurrence of diarrhoea was 
among mother-child pairs of whom the mother received university education, as compared to 
mothers who were illiterate or received either primary or secondary education. Compared to 
mothers aged ≤25 years, those aged >25 years were found to have lower odds (OR=0.4, P-value 
<0.001) of reporting diarrhoea in their children. None of the two-way interactions between the 
variables were statistically significant (P > 0.05). The Hosmer–Lemeshow goodness-of-fit test 




Interviews also gathered information about mothers’ p actices and health-seeking options 
in response to diarrhoea occurring among their children (Table 3.3). Almost half of the mothers 
[55.2% (276/500)] indicated that they breastfeed thir children less than the usual during diarrhoeal 
illness, and around quarter of them [27.2% (136/500)] reported providing more foods to their 
children while suffering from diarrhoea (Table 3.3). Of the 500 interviewed mothers, 36.4% 
preferred taking their diarrhoeic children to a medical center treatment. Self-ordered medicines 
from a pharmacy was the most preferred alternative management options in almost half [52.4% 
(262/500)] of the interviewed mothers in Thi-Qar (Table 3.3). Results in Table 3.3 revealed that 
69.6% (348/500) of the mothers reported self-purchasing of antibiotics and administration to 
children suffering from diarrhoea. On the other hand, only 24% (120/500) indicated providing 
ORT to their diarrheic children. Results in Table 3.4 elaborate on some potential predictor factors 
associated with the practice of providing antibiotics and ORT among the interviewed mothers. 
Univariable logistic regression analysis indicated hat the practice of providing antibiotics to 
diarrhoeic children was significantly higher among mothers aged >25 years (OR= 1.5, P-value= 
0.038) and mothers that received high school education (OR=2.5, P-value= 0.051). On the other 
hand, the practice of providing ORT therapy was particularly associated with employed mothers 
(OR= 2.6, P-value= 0.008), as well as with mothers interviewed in istricts with more favorable 
poverty status (OR= 2.5, P-value= 0.007) (Table 3.4).  
Table 3.5 depicts the relative risk ratio (rrr ) for the multinomial models. The result shows 
that, relative to mothers with university education, those with high school education had more 
likelihood of seeking help through visiting medical enters (rrr = 2.4) and pharmacies (rrr = 3.7) 
as against mothers seeking no treatment. Among mothers from districts with 5%-9.9% below the 




likelihood of opting for pharmacy versus no treatment was two times lower (rrr = 0.2). As shown 
in Table 3.5, relative to mothers who received university education level, illiterate mothers were 
more likely to use herbal remedies and homemade fluids as alterative options for the management 
of diarrhoea among their children, as compared withseeking help from a traditional healer. The 
results also show that the likelihood of using herbal emedies was higher (rrr =2.3) among mothers 
aged >25 years compared to their younger counterparty (≤ 25 years) (Table 3.5).  
Table 3. 1. Univariate analysis of factors associated with mothers (n= 500) reporting occurrences of 
diarrhoea among their children <5 years old in Thi-Qar governorate, Iraq 
 
Variables Category Total Reported diarrhoea (%) b  OR c (95% CI) d P-value  
District of residence a Al-Chibaysih 115 32 (27.8) 1.0 (—) — 
 Nassriya 87 42 (48.2) 1.7 (0.8-3.8) 0.084 
 Al-Rifa’i 117 69 (58.9) 3.7 (2.1-6.4) <0.001 
 Al-Shatra 95 25 (26.3) 0.9 (0.5-1.7) 0.807 
 Suq Al-Shoyokh 86 8 (9.3) 0.2 (0.1-0.6) 0.002 
Gender of child Female 216 81 (37.5) 1.0 (—) — 
 Male 284 95 (33.4) 0.8 (0.5-1.2) 0.348 
Age of child a < 2 years 74 21 (28.3) 1.0 (—) — 
 ≥ 2 years 426 155 (36.3) 1.4 (0.8-2.4) 0.185 
Number of inhabitants 
in the household a 
< 8 222 66 (29.7) 1.0 (—) — 
> 8 278 110 (39.5) 1.5 (1.1-2.2) 0.022 
Number of children <5 
years in the household 
< 2 310 105 (33.8) 1.0 (—) — 
> 2 190 71 (37.3) 1.1 (0.7-1.6) 0.427 
Mother breast feeding 
pattern in the first 6 
months of age a 
Exclusive bottle fed 157 65 (41.4) 1.0 (—) — 
Exclusive breast fed 242 74 (30.58) 0.6 (0.4-0.9) 0.027 
Mix – breast and bottle 
fed 
101 37 (36.6) 0.8 (0.4-1.3) 0.445 
Mother age a ≤ 25 years 254 116 (45.6) 1.0 (—) — 
> 25 years 246 60 (24.3) 0.3 (0.2-0.5) <0.001 
Mother employment 
status a 
Not working 399 153 (38.3) 1.0 (—) — 




Mother education level 
a 
University 44 9 (20.4) 1.0 (—) — 
High school 55 16 (29.1) 1.5 (0.6-4.0) 0.328 
Primary 204 77 (37.7) 2.3 (1.1-5.1) 0.032 
Secondary 101 36 (35.6) 2.1 (0.9-4.9) 0.073 
Illiterate  96 38 (39.6) 2.5 (1.1-5.8) 0.029 
Mother knew about the 
signs of child diarrhoea 
No 304 107 (35.2) 1.0 (—) — 
Yes 196 69 (35.2) 1.0 (0.6-1.4) 0.999 
Mother received a 
health education 
message from local 
health department on 
management of child 
diarrhoea this summer a 
No 326 122 (37.4) 1.0 (—) — 
Yes 174 54 (31.0) 0.7 (0.5-1.1) 0.155 
a Variables with P < 0.25; predictor factor offered to the final multivariable logistic model 
b by mother regarding diarrhoea incidence in the last two weeks 














Table 3. 2. Multivariable logistic regression model of factors significantly associated with mothers 
(n= 500) reporting the occurrence of diarrhoea among their children <5 years old in Thi-Qar 
governorate, Iraq 
 
Predictor factor OR a 95% CI b S.E. c P-value 








































Mother age- versus ≤ 25 years 













 Table 3. 3. Overview of self-reported practices of Iraqi mothers (n= 500) in reaction to management 
of diarrhoea occurrence among their children <5 years old in Thi-Qar governorate, Iraq 
 
Variable Category Frequency (n) Percentage 
Breastfeeding child during diarrhoea No change in pattern (usual) 154 30.8 
Breastfeed less than usual 276 55.2 
Breastfeed more than usual — — 
Stop breastfeeding  70 14.0 
Provide child with more frequent foods No 364 72.8 
Yes 136 27.2 
Preferred treatment seeking options Medical centers  182 36.4 
Pharmacy 108 21.6 
No treatment 210 42.0 
Preferred alternative management options  Traditional healer  170 34.0 
Herbal remedies 26 5.2 
Homemade fluids 42 8.4 
Self-ordered medicine from a 
pharmacy 
262 52.4 
Antibiotic is provided to child  No 152 30.4 
Yes 348 69.6 
Oral Rehydration Therapy (ORT) is 
provided to child 
No 380 76.0 





 Table 3. 4 Univariate analysis of factors associated with the practice of use of antibiotics and oral 
rehydration therapy (ORT) among Iraqi mothers’ (n=500) in the management of diarrhoea among 
their children <5 years old in Thi-Qar governorate, Iraq  
 
Variable Category Antibiotic is provided to 
child 
ORT is provided to child 
OR (95% CI) P-value OR (95% 
CI) 
P-value 
Mother education level  University 1.0 (—) 1.0 (—) 1.0 (—) 1.0 (—) 
 High school 2.5 (0.9, 6.2) 0.051 0.6 (0.2, 1.6) 0.358 
 Primary 1.1 (0.4, 2.7) 0.820 1.4 (0.5, 3.6) 0.472 
 Secondary 1.2 (0.5, 3.0) 0.604 0.7 (0.3, 1.9) 0.604 
 Illiterate  0.8 (0.3, 2.1) 0.654 0.4 (0.1, 1.4) 0.191 
Mother employment 
status  
Not working 1.0 (—) 1.0 (—) 1.0 (—) 1.0 (—) 
 Working 0.7 (0.3, 2.1) 0.492 2.6 (1.3, 5.5) 0.008 
Mother age ≤ 25 years 1.0 (—) 1.0 (—) 1.0 (—) 1.0 (—) 
 > 25 years 1.5 (1.0, 2.2) 0.038 1.0 (0.6, 1.5) 0.863 
District poverty index 10%-24.9% below the poverty 
line 
1.0 (—) 1.0 (—) 1.0 (—) 1.0 (—) 
 5%-9.9% below the poverty line 1.5 (0.8, 2.7) 0.121 2.5 (1.2, 4.8) 0.007 
 ≥40% below the poverty line 1.3 (0.7, 2.3) 0.308 1.8 (0.9, 3.5) 0.087 
Age of child < 2 years 1.0 (—) 1.0 (—) 1.0 (—) 1.0 (—) 





 Table 3. 5. Multinomial model estimates of preferred treatment seeking options and alternative 
management options in relation to mothers (n= 500, Thi-Qar - Iraq) socio-demographic 
characteristics 
 
Model—preferred treatment seeking options  
(with no treatment as reference) 
Medical centers 
 
rrr (95% CI) 
Pharmacy 
 
rrr (95% CI) 
 
Mother education level  University 1.0 (—) 1.0 (—)  
 High school 2.4 (0.9, 6.1)* 3.7 (1.1, 12.2)*  
 Primary 1.4 (0.5, 3.7) 1.8 (0.5, 6.3)  
 Secondary 1.6 (0.6, 4.2) 5.7 (1.7, 18.9)*  
 Illiterate  0.9 (0.3, 2.7) 3.3 (0.9, 12.1)  
Mother employment status  Not working 1.0 (—) 1.0 (—)  
 Working 1.2 (06. 2.6) 1.5 (0.6, 3.5)  
Mother age ≤ 25 years 1.0 (—) 1.0 (—)  
 > 25 years 1.1 (0.7, 1.6) 0.8 (0.5, 1.4)  
District poverty index 10%-24.9% below the poverty line 1.0 (—) 1.0 (—)  
 5%-9.9% below the poverty line 0.9 (0.5, 1.7) 0.2 (0.1, 0.5)***  
 ≥40% below the poverty line 0.8 (0.4, 1.6) 0.6 (0.3, 1.)  
Model—preferred alternative management options  
(with traditional healer as reference) 
Herbal remedies 
 
rrr (95% CI) 
Homemade fluids 
 
rrr (95% CI) 
Self-ordered medicine 
from a pharmacy 
rrr (95% CI) 
Mother education level  University  1.0 (—) 1.0 (—) 1.0 (—) 
 High school 1.9 (0.1, 2.3) 1.2 (0.2, 8.5) 0.8 (0.3, 2.0) 
 Primary 4.6 (0.3, 6.4) 6.6 (0.8, 26.5) 1.2 (0.5, 3.1) 
 Secondary 2.4 (0.18, 3.2) 1.4 (0.2, 4.4) 1.0 (0.4, 2.5) 
 Illiterate  19.8 (1.3, 28.3)* 9.4 (1.1, 26.6)* 1.6 (0.6, 4.4) 
Mother employment status  Not working 1.0 (—) 1.0 (—) 1.0 (—) 
 Working 1.9 (0.3, 10.1) 2.4 (0.6, 9.9)  
Mother age ≤ 25 years 1.0 (—) 1.0 (—) 1.0 (—) 
 > 25 years 2.3 (0.9, 5.6)* 1.1 (0.5, 2.1) 0.8 (0.4, 1.6) 
District poverty index 10%-24.9% below the poverty line 1.0 (—) 1.0 (—) 1.0 (—) 
 5%-9.9% below the poverty line 0.6 (0.1, 3.0) 1.2 (0.4, 3.5) 0.8 (0.4, 1.5) 
 ≥40% below the poverty line 1.1 (0.2, 4.2) 0.7 (0.2, 2.) 0.6 (0.3, 1.1) 






To the best of our knowledge, this is the first study to investigate the socio-demographic 
factors associated with childhood diarrhoeal illness and caregiver treatment in Iraq. This study 
highlights the significant role of mothers in health-care seeking practices and alternative 
management options in relation to diarrhoeal illness among their children. In the present study, 
35.2% of under-five children in Thi-Qar were report to have experienced diarrhoea in the two 
weeks prior to survey. This occurrence of diarrhoea is higher than the rate reported for a similar 
age group (21.3%) in a national household survey among Iraqi mothers in the year 2000 (Siziya et 
al., 2009) and is also higher than levels in similar household studies conducted in the Eastern 
Mediterranean region including Jordan (19.1%) (Okour et al., 2012) and Egypt (23.6%) (Dakahlia) 
(El Gilany and Hammad, 2005). Nevertheless, a number of other community studies reported 
higher rates of diarrhoea in children under five-years, for example: North and South Ethiopia 
(30.5- 31.3%) (Mohammed and Tamiru, 2014; Gizaw et al., 2017), Afghanistan (32.5%) (Mashal 
et al., 2008), Burundi rural areas (32.6) (Diouf et al., 2014) and Southern Nepal (36.6%) (Acharya 
et al., 2018).  
Promotion of hygiene and health education messages in the community and family is 
regarded as a key pillar in the fight against childhood diarrhoea (Diouf et al., 2014). However, in 
the present study, only 34.8% of the mothers reportd receiving health education messages relating 
to the management of child diarrhoea from the local he lth department. The level of public health 
communication is lower than what was noted in studies in Ghana, where 73.65 % and 79.6 % of 
caregivers of children under-five years received healt  education messages on diarrhoea in the 
Volta and the Northern Region. In the Ghanaian studies, the majority of messages were acquired 




cost community health strategy which could receive gr ater emphasis in Iraq. Our results also 
showed that 39.2% of the mothers knew about signs of child diarrhoea. This result is comparable 
to surveys conducted previously in the North of Iraq (Sulaimania) (Moawed and Saeed, 2000), 
Iran (Zahedan) (Khalili et al., 2013), Odisha (Padhy et al., 2017), Tanzania (Mkuranga) (Mashoto 
et al., 2014), which reported the low level of mothers’ knowledge about signs of diarrhoea. The 
WHO/UNICEF indicated that the mothers/caregivers perception of the signs of child diarrhoeal 
disease is a major determinant of the choice of care sought to reduce the risk of illness 
(WHO/UNICEF, 2004). Mothers/caregivers in Iraq need to be empowered with accurate 
information to improve their knowledge and practices concerning diarrhoea prevention and 
treatment. The training and dissemination of community nursing and public health staff would be 
a relatively low cost, rapidly implementable intervntion which could significantly improve the 
treatment-seeking practices of mothers in Thi Qar.  
Among socio-demographic variables, place of residence, education, and age were 
important predictors associated with occurrence of diarrhoeal illness in the household in the two 
weeks before the study. In the multivariate analyses (Table 3.2), higher diarrhoea occurrence rates 
were reported in children under five years old whose mothers living in Al-Rifa’i and Nassriya 
districts. Such considerable spatial heterogeneity of he reported diarrhoea occurrence in Thi-Qar 
might be a reflection of variations in the exposure to risk factors from one district to another; such 
as living conditions, socioeconomic status, and drinking water quality (JAU, 2013). This is 
specifically relevant to the situation in Al-Rifa’i d strict where 54.1% of the population lived below 
the poverty line of US$ 2.5 per day compared to only 12.3% of the population living in Al-
Chibayish district (JAU, 2013). Added to that, 48.5% of the population in Al-Rifa’i relied on public 




by our previous findings demonstrating a higher likelihood of detection of enteric pathogens in 
children diarrhoeal cases from households supplied by pipe water in Thi-Qar (Harb et al., 2019). 
A community cross-sectional study in Mbour, Senegal by Thiam et al. (2017) observed children 
living in better-off families were less likely to have diarrhoea compared to their lower income 
counterparts. Our results are in line with several household studies on diarrheic children that have 
demonstrated that the wealth status of the family is correlated with better access to household 
amenities, including those related to better hygiene a d environmental health, which likely reduce 
the risk of diarrhoea (Bozkurt et al., 2003; Thiam et al., 2017). 
In the current study, the reported occurrence of diarrhoea was significantly lower in 
children whose mothers had received a university education, compared to children whose mothers 
were illiterate or received either primary or secondary education. These results are in agreement 
with what was reported from studies conducted in neghboring countries such as Turkey (Bozkurt 
et al., 2003), Iran (Khalili et al., 2013) and Jordan (Okour et al., 2012), where children belonging 
to mothers with a higher education level (university or diploma) were less likely to have diarrhoea 
compared to those whose mothers had a lower level  ducation (primary or secondary) or were 
illiterate. This finding might indicate that those mothers who have a higher education level are 
attaining more awareness on good child feeding practices, hygiene behaviors and safe handling of 
water which in turn are important factors for reducing the risks associated with childhood diarrhea 
(Kumi-Kyereme and Amo-Adjei, 2016; Gizaw et al., 2017; Acharya et al., 2018). In addition to 
mothers’ education level, the present study observed that the reported occurrence of diarrhoea is 
likely to be less in children belonging to mothers aged >25 years compared to mothers aged ≤25 
years. The former finding was also revealed in studies from Iraq (Moawed and Saeed, 2000), and 




from mothers aged >25 years than children belonging to mothers aged ≤ 25 years. These 
observations are typically argued to be linked with the experience attained on matters related to 
childcare with the advancement in age (Diouf et al., 2014).  
As shown in Table 3.3, the findings of this study revealed that 55.2% of the mothers 
reportedly breastfed their diarrheic children less than usual, and 27.2% of the mothers offering 
more foods to their infected children during the diarrhoeal illness. Similar to our finding, a recent 
study on management of diarrhoeal disease among under-five children at home in Eastern Ethiopia 
(Workie et al., 2018) observed that 60.3% of the mothers reported breastfed their child suffering 
from diarrhoea less than usual and 33.6% of mothers offered food more than usual to eat during 
the diarrhoeal infection of the child. According to the 2004 UNICEF and WHO joint statement, 
encouraging mothers to continue breastfeeding and provide increased amounts of fluids and foods 
to children is recommended, particularly for infants with diarrhoea in order to avoid severe 
dehydration and death (WHO/UNICEF, 2004). While the responses from this study were 
qualitative only, and thus levels or frequency of breastfeeding during diarrhoeic episodes cannot 
be ascribed, this is another initiative which could be promoted through an increase in public health 
workers.    
Our study noted that 36.4% of the mothers preferred taking their children to health centers 
for treatment at the time of diarrhoeal disease. It was reported in previous work that among the 
reasons for such low rates of approaching health facilities by mothers are; the expectations of 
mothers that diarrhoea will recover without treatment, or that the illness was not serious enough 
or due to the common perception that diarrhoea was a secondary sign to new teething (Page et al., 
2011; Mengistie et al., 2012) This is also thought to be related to the common practice of self-




health facilities due to various reasons such as absenteeism of medical staff, lack of medicines and 
the prevailing perception that private sector medicines are more effective for the treatment of 
diarrhoea than those from the government sector. In the current investigation, 69.6% of the mothers 
reported giving their children antibiotics for the management of diarrhoea. This finding is not 
surprising as antibiotics, especially in developing countries like Iraq, are both widely prescribing 
and obtained directly without a prescription (Jassim, 2010). This high utilization of medicines 
without prescriptions from a pharmacy is alarming from a public health perspective (Jassim, 2010; 
Burnham et al., 2012) for multiple reasons including failure to administer the correct antibiotic, 
the probability that diarrhoeal disease is not due to an bacterial agent (Harb et al., 2019), likelihood 
that the majority of cases require ORT rather than antibiotics and of course the promotion of 
antimicrobial resistance. 
           ORT is a primary intervention for the management of childhood diarrhoea and the most 
effective way to treat dehydration and decrease mortality (Mengistie et al., 2012). Despite the 
strong advocacy by the World Health Organization (WHO) to promote awareness and the use of 
ORT, the use remains gravely low in developing countries (WHO, 2011). We found a low 
proportion (24%) of mothers reported to have administered ORT to their children with diarrhoea. 
This result is in accordance with data from former studies performed in North Africa (Egypt) 
(Jousilahti et al., 1997) and West Africa (Burkina F so) (Wilson et al., 2012), where mothers 
reported the lower ORT use rate in both of studies as 24% for the management of diarrhoea in 
children under five years. Therefore, implementation of public health outreach programmes are 
required to promote usage of ORT at the Iraqi community level.  
As shown in the results of our data (Table 3.5), level of education, mother’s age, and 




found that seeking care at a medical centre and pharmacy was positively associated with education 
level of mothers, which is corroborated by other studies (Wilson et al., 2012; Adane et al., 2017). 
These results, as well as those from other studies, suggest that educated mothers may have better 
knowledge about the potentially serious nature of diarrhoea, and thus were more likely to seek 
health care for their ill child at health facilities and pharmacy as against no seeking care (Wilson 
et al., 2012; Das et al., 2013; Omore et al., 2013). While another study indicated that the choice of 
utilization of health facilities depend on treatment cost, service quality and severity of illness 
(Mahapatra et al., 2015). Modelling results indicate that alternative options for management of 
diarrhoea such as using herbal remedies was found to be associated with the mothers who were 
illiterate and aged >25 years, and is most likely a result of cultural beliefs in this demographic.  
There are some limitations to this study. First, the assessment of diarrhoea prevalence was 
based on what the mother reported and there was no way to verify whether what they referred to 
as diarrhoea was certainly diarrhoea. Second, the survey did not ask about the type of diarrhoea 
when looking at the healthcare-seeking practice, that is, whether it was acute or chronic diarrhoea. 
However, given the nature of the study, it would not have been possible to clearly ascertain the 
type of diarrhoea since we rely on self-reported information, and it is possible that differential 
health-seeking behavior was the result of differences in sickness rather than the determinants 
identified in our study, thus increasing bias. Thirdly, our study relies on reported action taken by 
the mothers on the diarrhoea management practice and eventually, the study did not take into 
account other factors that could affect healthcare-se king such as treatment cost, services quality 
and access to health facilities. More questions about the evaluation of health care services for the 





3.6 Conclusion   
Our study revealed that the reported occurrence of diarrhoea among children under the age 
of five is high in Thi-Qar (35.2%).  Lower maternal educational level, mothers' age <25 and place 
of residence were important factors associated with d arrhoea occurrence among under-five 
children. The results of this study indicate that relatively cheap, cost-effective measures centered 
around health education, dissemination of information and higher numbers of public health 
outreach staff will likely to improve the maternal management of diarrhoeal disease and avoidance 
















































Chapter Four - Molecular detection and epidemiological features of selected bacterial, viral, 
and parasitic enteropathogens in stool specimens from children with acute diarrhoea in Thi-
Qar Governorate, Iraq 
 
 
4.1 Preface  
Chapter 4 is the unmodified text version of experimntal research article published in the journal 
of International Journal of Environmental Research and Public Health. Below is the full citation 
of the article that is included in appendix 3. 
 Harb, A., Abraham, S., Rusdi, B., Laird, T., O'Dea, M., Habib I., 2019. Molecular detection and 
epidemiological features of selected bacterial, viral, and parasitic enteropathogens in stool 
specimens from children with acute diarrhoea in Thi-Qar Governorate, Iraq. International Journal 










4.2 Abstract  
Knowledge of etiology causes of diarrhoeal illness i  essential for development and 
implementation of public health measures to prevent and control this disease syndrome. There are 
few published studies examining diarrhoea in children aged <5 years in Iraq. This study aims to 
investigate the occurrences and epidemiology of select d bacterial (Salmonella spp. and 
Campylobacter spp.), viral (adenovirus, norovirus GI and GII, and astrovirus), and parasitic 
(Entamoeba spp. and Giardia spp.) agents in stool samples from 155 child diarrhoeal cases 
enrolled between March and August 2017, in a hospital-based cross-sectional study in Thi-Qar, 
southeastern Iraq. Using molecular techniques and sequence-based characterization, adenovirus 
was the most frequently detected enteropathogen (53/15  (34.2 %)), followed by Salmonella spp. 
(23/155 (14.8%)), Entamoeba spp. (21/155 (13.5%)), and Campylobacter spp. (17/155 (10.9%)). 
Mixed infection with Salmonella spp. and Campylobacter spp. was evident, and the same was 
revealed between various enteric viruses, particularly adenovirus and norovirus. The most frequent 
co-infection pattern was between adenovirus and Campylobacter spp., in seven cases (7/155 
(4.5%)). Whole-genome sequencing-derived typing data for Salmonella isolates (n = 23) revealed 
that sequence type 49 was the most prevalent in this sample set (15/23 (65.2%)). To the best of our 
knowledge, this study provides the first report on detection and identification of floR, blaCARB-2, 
and mphA antimicrobial resistance genes in Salmonella isolated from children in the Middle East 
region. Logistic regression analysis pointed to fewenteropathogen-specific correlations between 
child age, household water source, and breastfeeding patterns in relation to the outcome of 
detection of individual enteropathogens. This study presents the first published molecular 
investigation of multiple enteropathogens among children <5 years of age in Iraq. Our data provide 




build on this study and develop future longitudinal c se-control research in order to elaborate the 
epidemiology of enteropathogens in childhood diarrhoea in Iraq. 
 
4.3 Introduction  
Diarrhoeal diseases accounted for 8% of all deaths in children under five years of age in 
2016, and this translates to over 1300 young children dying each day, or approximately 480,000 
children a year (UNICEF, 2018). In Iraq, the impact of war, sanctions, and sectarian violence left 
a dysfunctional health system and an on-going public health emergency impacting vulnerable 
sections of the population, particularly children. Several viral, bacterial, and parasitic infections 
are among the most common causes of acute diarrhoeal cases in children (Kelly, 2015). Published 
studies on childhood diarrhoea are lacking in Iraq and, therefore, the pathogen spectrum associated 
with diarrhoeal disease requires investigation.  
Among enteric viruses, rotavirus is the most commonly identified cause of severe diarrhoea among 
children in Iraq, as well as in many developing countries (Khoury et al., 2011; Ahmed et al., 2013). 
Adenoviruses are also implicated in several viral outbreaks and sporadic cases across all age 
groups, causing a broad spectrum of clinical symptos and occurring throughout the year (Cruz 
et al., 1990; Dey et al., 2011). Within the adenovirus F subgenera, serotypes HAdV-40 and HAdV-
41 are associated with significant outbreaks of disease in infants and children (Dey et al., 2011). 
Other viruses commonly associated with acute gastroen eritis globally include noroviruses (NoVs) 
and human astroviruses (HAstVs) (Fletcher et al., 2013; Bennett and Gunson, 2017). After enteric 
viruses, bacterial causes are ranked as the second m st common cause of diarrhoea in developing 




adults, and it is second in prevalence to Salmonella and similar to Shigella in many countries 
(Cherry, 1998). Non-typhoidal Salmonella spp. are among the leading causes of gastroenteritis 
worldwide, with an increased incidence observed in children less than five years old (Majowicz et 
al., 2010; Kovanen et al., 2014). Invasive cases of non-typhoidal Salmonella are frequently 
reported in infants and young children with a higher risk of secondary complications such as 
bacteremia and meningitis (Graham, 2002). In addition, the recent increase of multidrug resistance 
(MDR) among non-typhoidal Salmonella species is a serious problem worldwide, due to the 
widespread use of traditional antibiotics in human and veterinary medicine, raising global public 
health concern (Mukerji et al., 2017). Next to viral and bacterial causes, amebiasis and giardiasis 
are among the major intestinal parasitic infections causing childhood diarrhoea in many 
developing countries (Cheun et al., 2010), and are endemic throughout socio-economically 
deprived communities (Hegazi et al., 2013; Ghenghesh et al., 2016). Given the multifactorial 
nature of diarrhoeal illnesses, it is suggested that enteric pathogen co-infections play an important 
role in gastroenteritis; however, research efforts ften focus on a small range of species belonging 
to a few pathogen groups (Graham, 2002; Harb et al., 2017; Mukerji et al., 2017). Thus, studies 
oriented at investigating the role of co-infections with enteric pathogens in cases of acute diarrhoea 
are required. 
In Iraq, the morbidity and mortality associated with diarrhoea is high, particularly among 
children <5 years (Ahmed et al., 2013). Elevated morbidity and mortality is predominantly due to 
serious challenges facing the delivery of basic public health and environmental sanitation services 
across Iraq, after decades of war and political instability. Previously, we investigated 
gastroenteritis caused by Salmonella infection among children aged below five years in Thi-Qar, 




governorates in Iraq, and it is important to investigate the spectrum of infectious causes of children 
diarrhoea in such an unprivileged setting in Iraq. Hence, we transported aliquots of fecal samples 
from child diarrhoeal cases recruited in Thi-Qar (Iraq) to the Antimicrobial Resistance and 
Infectious Disease (AMRID) laboratory at Murdoch University (Australia). The present study is 
pilot in nature, and aims to conduct a comprehensiv molecular screening survey of selected viral, 
bacterial, and parasitic agents. This molecular-based survey hopes to explore the coexistence 
between several infectious pathogens, along with their related clinical and epidemiological 
features among children with acute diarrhoea in Thi-Qar. 
 
4.4 Materials and Methods 
4.4.1 Study setting and design 
 
The study population consisted of children below five years of age presenting with acute 
diarrhoea to the Enteric Diseases Clinic of two referral children hospitals in Thi-Qar, a regional 
governorate situated in southeastern Iraq, between March and August 2017. This survey is a 
follow-up from an initial hospital-based cross-sectional study that focused on culture-based 
screening and characterization of non-typhoidal S lmonella (Harb et al., 2017). The initial study 
included 320 diarrhoea cases of children below fiveyears; details of case enrolment, stool 
specimen collection, and questionnaires administered to the child’s parent or guardian to gather 
information on basic socio-demographic information and potential risk factors for infection are 
presented in full details elsewhere (Harb et al., 2017). 
For the present study, aliquots of fecal samples from half of the diarrhoea cases (n = 320) enrolled 




enteropathogens. The decision to select half of the cases was based on feasibility and cost-
effectiveness. Random selection of the cases was done using the “select cases” tool in the 
Statistical Package for the Social Sciences software (SPSS for windows, version 15.0), with the 
option for selecting approximately 50% of the cases. Thus, in this study, 155 aliquots of stool 
specimens from children below five years presenting with acute diarrhoea were selected for 
molecular screening of a panel of viral, bacterial, and parasitic enteropathogens. 
 
4.4.2 Stool samples processing and DNA extraction 
 
The sampled stool specimens were kept at 4 °C at the hospital facility, and each sample 
was divided into two aliquots; one aliquot was placed in Amies transport media with charcoal 
(COPAN, Italy), labeled and transported under cold chain to the Microbiology Laboratory, 
University of Thi-Qar, for Salmonella detection using the culture-based method (Harb et al., 2017). 
The second aliquot was stored in RNA later® solution (Ambion, USA) as per the manufacturer’s 
instructions and then shipped from Iraq to Australia. Molecular analysis was conducted at the 
AMRID Laboratory of Murdoch University. Genomic DNA was extracted from all fecal samples 
suspended in RNA later® solution using a Bioline Isolate Fecal DNA kit (ISOLATE II, Genomic 
DNA Kit, Bioline), according to the manufacturer’s ecommended protocol. Purified DNA was 
stored at −20 °C until further analysis. The following panel of enteropathogens was screened 
(Table 4.1): (a) Salmonella spp. and Campylobacter spp. as targeted common bacterial enteric 
pathogens; (b) adenovirus, norovirus (GI and GII), and astrovirus as representative viral causes of 
diarrhoea; (c) Entamoeba spp. and Giardia spp. as targeted parasitic causes. In this study, we use 
the term co-infection to denote cases where different classes of enteropathogens were detected 




infection to refer to cases where different agents from the same class were detected together, such 
as two bacterial species. 
 
4.4.3 Molecular screening of enteropathogens 
 
4.4.3.1 Bacteria 
In the present study, the randomly selected aliquots of fecal samples encompassed 23 out 
of the total 33 non-typhoidal Salmonella isolates identified in previous study (Harb et al.,2017). 
We further characterized those 23 non-typhoidal S lmonella isolates using whole-genome 
sequencing (WGS). The WGS was utilized to validate th previous serotype identities of 
Salmonella isolates, to screen and match between antimicrobial resistance genes and the resistance 
phenotypes, and to screen for multilocus sequence types (MLST). For WGS, library preparation 
was performed using an Illumina NexTera® XT library preparation kit (Illumina) as per the 
manufacturer’s instructions. Sequencing was performed on an Illumina Nextseq platform using a 
mid-output 2 × 150 kit. Reads were de novo assembled using SPAdes 3.11.1 software (Bankevich 
et al., 2012). Contig files were uploaded to the Center for Genomic Epidemiology 
(http://www.genomicepidemiology.org/) to screen for MLST and serotypes, and to extract 
antimicrobial resistance gene data. From all transferred stool aliquots (n = 155), we screened for 
the S. enterica gene invA using conventional PCR as previously described by Swamy et al. (1996). 
Screening for Campylobacter was undertaken using the conventional PCR assay targeting the 16S 






4.4.3.2 Viruses  
 
Reverse-transcription PCR (RT-PCR) assays were performed using SuperScript III One-
Step Platinum@ Taq (Invitrogen, USA) for detection of three enteric viruses: human astrovirus, 
norovirus group 1 (GI), and norovirus group 2 (GII) (Yan et al., 2003), while adenovirus was 
detected by conventional PCR (Yan et al., 2004). The specific primers used in this reaction are 
outlined in Table 4.1. Bands of the expected size from each assay were excised from 1.5% agarose 
gels and DNA was purified though filter tips. DNA sequencing was performed at the Australian 
Genome Research Facility (Perth, WA). The results of the sequencing were analyzed and edited 
using FinchTV (Version 1.4), then compared to the most similar sequence deposited in public 
databases on National Center for Biotechnology Information GenBank by applying the Basic 
Local Alignment Search Tool (BLASTn).  
Two randomly chosen samples which were positive on the adenovirus screening PCR were 
analyzed using WGS, utilizing the same procedures dcribed above. Initial screening for 
adenovirus genomes was performed using SPAdes, and ge eration of complete genomes was 
performed using Geneious V10.2.3 to map raw read data against a representative HAdV-41 
genome (GenBank Accession KY316161). Annotation of adenovirus genomes was performed 
using Geneious V10.2.3. The adenovirus sequences were submitted to NCBI GenBank under the 








4.4.3.3 Parasites  
 
A nested PCR assay for the detection of Entamoeba species in stool aliquots was utilized 
according to the procedure previously described by Al ‐Areeqi et al. (2017). The presence of 
Giardia spp. in all samples was screened at the glutamate dehydrogenase (gdh) locus using a 
quantitative PCR (qPCR) (Yang et al., 2014a). 
 
4.4.4 Statistical analysis 
 
Descriptive data analysis was used to determine the frequency of enteropathogen 
occurrence and distribution over a range of variables related to study subjects. Statistical analyses 
were performed using univariable logistic regression analysis (STATA software package, version 
11.0). Univariable logistic regression models were used to examine the correlation between 
demographic characteristics, household features, and breastfeeding patterns in relation to the 
binary outcome variable of pathogen detection (presence vs. absence of “a pathogen” of concern 
in diarrhoeal stool samples). The analysis examined th  correlation between the predictor variables 
and each of adenovirus, Salmonella spp., Campylobacter spp., and Entamoeba spp. Those four 
enteropathogens were the most frequently detected in diarrhoeal stool samples. The analysis did 
not involve the other enteropathogens detected in less than 10% of the diarrhoeal samples, nor the 
various mixed and co-infection combinations detected in low number (minimum = 1, and 







4.4.5 Ethics and consent approval 
 
The study protocol was approved by the Murdoch University Human Research Ethics 
Committee (Permit No. 2015/224). Permission to conduct the study was also obtained from the 
Ministry of Health, Iraq (Permit No.11/5/393) and the children’s hospitals in Thi-Qar Governorate 
(Permit No.1/4/26885). As the study subjects were children under the age of five, informed verbal 
consent was obtained from their caregivers (parents/guardians) before enrolment. Movement of 
samples from Iraq to Australia was granted by the Department of Agriculture (Australian 
Government), under quarantine import permit number 0000369563. 
 
4.5 Results  
In this study, we tested a total of 155 stool samples from children with acute diarrhoea. Of 
all cases, the male: female ratio was 1.4:1 and 93 (60%) were under two years of age (Table 4.2). 
Descriptive information about demographic characteristics of the cases, their breastfeeding 
patterns in the first six months of age, and recorded household features, together with information 
about caregivers’ hygiene practices, is presented in Table 4.2. 
Among all samples, adenovirus was the most frequently de ected enteropathogen (53/155 
(34.2 %)), followed by Salmonella spp. (23/155 (14.8%)), Entamoeba spp. (21/155 (13.5%),) and 
Campylobacter spp. (17/155 (10.9%)) (Table 4.3). Those four etiologic agents accounted for 
73.4% of the spectrum of enteropathogens detected in the study samples. Group I noroviruses were 
the least detected (5/155 (3.2%)) among the panel of nteropathogens screened for in this study 
(Table 4.3). WGS analysis of two adenovirus PCR positive samples using SPAdes de novo 




read files were mapped to the HAdV-41 KY316161 to obtain an entire genomic sequence for each 
strain. BLASTn analysis of strains MU22 and MU35 demonstrated most homology to existing 
HAdV-41 strains, with 98.6% pairwise homology to Genbank accessions AB728839 and 
KY316161, and 98.56% homology to each other.  
Results presented in Table 4.3 highlight the diverse nature of pathogens among cases of 
acute diarrhoea in Iraqi children. Mixed infection with the bacterial pathogens Salmonella spp. and 
Campylobacter spp. was evident, and the same was revealed between various enteric viruses, 
particularly adenoviruses and noroviruses (Table 4.3). Nevertheless, there was no mixed infection 
between the two parasitic agents Entamoeba spp. and Giardia spp. (Table 4.3). Moreover, co-
infection with different classes of enteropathogens wa  common among the tested samples. Of 
interest, co-infection with adenovirus and Campylobacter spp. was detected in seven cases (7/155 
(4.5%)). Co-infection with a bacterial, viral, and a parasitic etiologic agent all together was 
detected in nine cases (9/155 (5.8%)). 
Table 4.4 summarizes some WGS-derived typing data for Salmonella isolates (n = 23). A total of 
four multilocus sequence types (STs) were characterized among the 23 isolates; of which, S. 
typhimurium ST49 was the most common (15/23 (65.2%)). All of the whole-genome sequenced 
Salmonella isolates harbored at least one tet gene, with the tetB gene having the highest frequency 
(n = 12), followed by tetA (n = 8) and tetG (n = 3). Five groups of streptomycin-resistance genes 
were detected among 17 out of the 23 Salmonella isolates, consisting of aadA7 (n = 5), strB (n = 
4), strA (n = 3), aadA2 (n = 3), and aadA1 (n = 2). For aminoglycoside resistance genes, 11 of the 
23 Salmonella isolates carried aph(3')-Ic (n = 7) and aac(3)-Id (n = 4). The sul1 gene was identified 
in eight of the sulfonamide-resistant Salmonella isolates. Each of β-lactamase (blaCARB-2) and 




trimethoprim (dfrA14), azithromycin (mphA), erythromycin (erm42), and florfenicol (floR) 





Table 4. 1. Primers and probes used for molecular screening of a panel of seven enteropathogens in 
diarrhoeal cases (n = 155) among children <5 years. F—forward; R—reverse; rRNA—ribosomal 
RNA 
Target 
pathogen Gene  Sequence (5′ to 3′) 
Amplicon 
size (bp) Reference 
Salmonella spp. 

































































 Table 4. 2. Descriptive characteristics of diarrhoeal cases (n = 155) among children <5 years 

















Breastfeeding pattern in the first 6 months of age 
Exclusively bottle-fed 
Exclusively breastfed 




Water source in household 
Reverse osmosis water 
Municipal (pipe) water 
58 (37.4) 
97 (62.6) 






























Table 4. 3. Frequency of isolation, co-infection, and mixed infection patterns of enteropathogens 




% of cases 
(95% CI) Co-infection (No. of cases) 
Mixed infection (No. of 
cases) 
Salmonella spp. 23 14.8 (9.6–21.4) 
Adenovirus (5) 
Astrovirus (3) 
Giardia spp. + astrovirus (3) 
Giardia spp. (2) 
Norovirus GII (1) 
Norovirus GII + adenovirus (1) 
Astrovirus + adenovirus (1) 
Campylobacter spp. (3) 
Campylobacter 
spp. 
17 10.9 (6.5–16.9) 
Adenovirus (7) 
Entamoeba spp. + adenovirus 
(3) 
Norovirus GI (2) 
Norovirus GI + adenovirus (2) 
Norovirus GII (1) 
Salmonella spp. (3) 
Astrovirus 11 7.1 (3.6–12.3) 
Salmonella spp.+ Giardia spp. 
(3) 
Salmonella spp. (3) 
Giardia spp. (1) 
Adenovirus (2) 





Campylobacter spp. (7) 
Salmonella spp. (5) 
Entamoeba spp. (3) 
Entamoeba spp. + 
Campylobacter spp. (3) 
Salmonella spp. + Giardia spp. 
(3) 
Salmonella spp. + 
Campylobacter spp. (2) 
Norovirus GII (4) 
Norovirus GI (3) 
Astrovirus (2) 
Astrovirus + norovirus 
GII (1) 
Norovirus GI 5 3.2 (1.0–7.3) Campylobacter spp. (2) Adenovirus (3) 
Norovirus GII 10 6.4 (3.1–11.5) 
Salmonella spp. (1) 
Campylobacter spp. (1) 
Adenovirus (4) 
Entamoeba spp. 21 13.5 (8.5–19.9) 
Adenovirus + Campylobacter 
spp. (3) 
Adenovirus (3) 
Astrovirus + adenovirus (1) 
None 
Giardia spp. 11 7.1 (3.6–12.3) 
Astrovirus + Salmonella spp. 
(3) 
Adenovirus + Salmonella spp. 
(3) 
Salmonella spp. (2) 










Table 4. 4. Whole-genome sequencing (WGS)-derived typing data and resistance phenotype among 
Salmonella (n = 23) isolated from diarrhoeal cases (n = 155) among children <5 years 
Serovars MLST  Resistance genes Resistance phenotypes a 
S. typhimurium ST-49 tetB TET, S 
S. typhimurium ST-49 tetB TET, S 
S. typhimurium ST-49 tetB TET, ATH 
S. typhimurium ST-49 tetB TET, CTX 
S. typhimurium ST-49 tetB ATH, NA, CTX 
S. typhimurium ST-49 tetB TET, ATH, TS 
S. typhimurium ST-49 tetB TET, ATH, CTX 
S. typhimurium ST-49 tetB TET, ATH, CTX, CIP 
S. typhimurium ST-49 tetB NA, ATH, CTX, TS, S 
S. typhimurium ST-3020 tetG, sul1, aadA2, blaCARB-2 TET, ATH, CTX, CIP, TS, S 
S. typhimurium ST-49 tetA, sul1, aadA7, aph(3')-Ic, aac(3)-Id TET, ATH, CTX, GM 
S. typhimurium ST-49 tetB, strB, aph(3')-Ic TET, ATH, NA, S 
S. typhimurium ST-49 tetB, strB, strA, aph(3')-Ic TET, ATH, CTX, CIP, TS 
S. typhimurium ST-3020  tetG, aadA2, sul1, blaCARB-2, floR 
TET, ATH, CIP, CRO, TS, NA, 
GM 
S. typhimurium ST-49 tetB, aadA7, sul1, aph(3')-Ia, blaCARB-2 
TET, TS, NA, AMP, CRO, 
ATH, CIP 
S. hadar ST-198 tetA, aadA7, sul1, aph(3')-Ic, aac(3)-Id  NA, ATH, CTX, TS, S 
S. hadar ST-198 tetA, aadA7, sul, aph(3')-Ia, aac(3)-Id TET, CRO, CIP, TS, GM 
S. hadar ST-198 
tetG, aadA2, sul, aph(3')-Ia, blaCARB-2, 
dfrA14, erm(42) 
TET, ATH, CIP, NA, GM 
S. hato ST-52  tetA, aadA1, sul1, aph(3')-Ic  TET, CRO, S, GM 
S. hato ST-52  tetA, strB, strA, aph(3')-Ic, mphA ATH, NA, CTX, TS 
S. hato ST-52  tetA, strB, strA, aph(3')-Ic, mphA  ATH, CRO, S, NA, TS 
S. muenchen ST-1825 tetA, aadA1, sul1, dfrA14 TET, ATH, CIP, S, TS, NA 
S. muenchen ST-1825 tetA, aadA7, sul1, aph(3')-Ia, aac(3)-Id TET, ATH, CIP, S, NA, CTX 
a TET: tetracycline; ATH: azithromycin; S: streptomycin; TS: trimethoprim/sulfamethoxazole; CIP: 
ciprofloxacin; NA: nalidixic acid; CTX: cefotaxime; CRO: ceftriaxone; AMP: ampicillin; GM: gentamicin.  
 
Few enteropathogen-specific associations were significa t based on logistic regression analysis 
(Figure 4.1). Among the cases enrolled in this study, detection of Entamoeba spp. was less likely 
(P < 0.001) to occur among children younger than two years (odds ratio (OR) 0.12, 95% 
confidence interval (CI) 0.03–0.37). Lower odds (P = 0.051; OR 0.46, 95% CI 0.21–0.99) of 
adenovirus detection were associated with children exclusively breastfed compared to children 
exclusively bottle-fed. Among the present study subjects, the likelihood of PCR detection of 
Campylobacter spp. in children from households supplied by pipe water was 5.12 (95% CI 1.12–




reverse osmosis-treated water. Figure 4.2 shows the relationship between caregivers’ hygienic 
practices and occurrence of the four frequently detect d enteropathogens in diarrhoeal cases. 
According to results from the logistic regression model, the odds of Entamoeba spp. detection in 
children belonging to caregivers who reported always washing hands after cleaning child 
defecations was three times lower (P = 0.030; OR 0.34, 95% CI 0.14–0.90) compared to children 




























































Figure 4. 1. Distribution (percentage of cases) of demographic c aracteristics (sex (a), age (b) and residence 
(c)), breastfeeding pattern in the first six months of age (d), and household features (water source (e) and 
domestic animals (f)) in relation to frequently (>10%) detected enteropathogens in diarrhoeal cases (n = 























Household with no animals Household with animals
Mean of Salmonella 
Mean of Adenovirus 
Mean of Campylobacter 













 Figure 4. 2. Caregivers’ hygienic practices; (a) hand washing before food preparation; (b) hand washing 
after cleaning child defecation; (c) hand washing before feeding the child, in relation t  percentage of 
enteropathogens cases (Figure 4.1) detected in diarrhoeal children (n = 155) <5 years old in Thi-Qar 




































Caregiver hand washing before feeding the child
Mean of Salmonella 
Mean of Adenovirus 
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The majority of enteric bacterial and viral pathogens are not routinely screened for in Iraqi 
hospitals, due to a lack of basic diagnostics and sufficiently trained personnel(Guha-Sapir and 
Burkle, 2014). The war in the last decade destroyed substantial capacities of hospitals and public 
health laboratories in Iraq, and nearly two-thirds of its qualified medical personnel emigrated 
(Burkle and Garfield, 2013). In general, published r search on diarrhoeal illnesses in the Iraqi 
population is very limited, and has mainly focused on screening for single-pathogen infections or, 
at best, infections with pathogen groups (Ahmed et al., 2013; Harb et al., 2017). In the present 
study, we report the first molecular epidemiological nvestigation describing the occurrence and 
co-existence of several enteropathogens in stool samples from diarrhoeal children <5 years of age 
in one of the least developed governorates in Iraq.Added to that, we profiled sequence types and 
genes conferring resistance to several antimicrobial groups among non-typhoidal Salmonella 
isolated for the diarrhoeal cases. This study demonstrates the value of WGS as a tool for 
comprehensive analysis of bacterial and viral pathogens commonly detected in diarrhoeal patients. 
In the present study, human adenovirus (HAdV) was the most common enteropathogen, detected 
in 53 (34.2%) cases. A survey of patients under five years in Australia from 2007 to 2010 revealed 
that adenovirus was also the most common cause of gastroenteritis in the studied population, 
emphasizing the importance of this virus in childhood diarrhoea in both developing and developed 
countries (Fletcher et al., 2013). Detection rates in the present study are considerably higher than 
published research on HAdV in children with diarrhoea from other Middle East and North African 
countries such as in Kuwait (4%) (Sethi et al., 1989), Qatar (6.25%) (Al-Thani et al., 2013), Saudi 
Arabia (8%) (Hegazi et al., 2013), and Egypt (20%) (El Sayed Zaki and Abo El Kheir, 2017). Also, 




et al., 2017) and in Bangladesh (10.7%) (Afrad et al., 2018). The reasons for the higher HAdV 
detection rate are not clear. However, it is important to note that the pan-adenovirus PCR assay 
used in this study detects all adenovirus serotypes and not just the enteric serotypes F40 and F41 
(Lekana-Douki et al., 2015). Nevertheless, WGS analysis of two of the PCR positive samples 
collected in this study allowed the extraction of cmplete genomes of HAdV-41 serotypes, 
providing evidence that this enteric serotype, as expected, is circulating in the study population in 
Iraq. Also worth highlighting is that our study design may have impacted our observed frequency 
of enteropathogens, including HAdV. Because the diarrhoeal cases were sampled in the warmer 
summer months, it is possible our observed frequencies are higher than for other times of year, as 
described elsewhere (Cruz et al., 1990). Hence, future case-control studies are needed to accurately 
predict the frequency of pathogens and potential chnges due to seasonality.  
Non-typhoidal Salmonella was detected in 14.8% of the stool samples from children with 
diarrhoea, and was the second most frequently detected nteric pathogen in this study. This result 
is consistent with studies conducted previously in Iraq (15%) (al-Rajab et al., 1988), and in other 
neighboring countries such as Kuwait (18%) (Sethi et al., 1989) and Saudi Arabia (15.3%) (Hegazi 
et al., 2013). Our results re-emphasize the importance of non-typhoidal Salmonella in the 
epidemiology of childhood bacterial diarrhoea in Iraq. We previously demonstrated that a higher 
likelihood of positive isolation of non-typhoidal Salmonella from children diarrhoeal cases in Thi-
Qar was associated with source of water and presenc of domestic animals in the household, as 
well as with caregiver education level and hygienic practices (Harb et al., 2017).  
Entamoeba spp. were found to be the third ranked among the sev n enteropathogens screened for 
in the present research. This finding is consistent with previous surveillance data from Saudi 




(Ghenghesh et al., 2016), where Entamoeba spp. were commonly isolated from children diarrhoeal 
samples. Intestinal parasitic infection is a significant public health burden, especially in poor and 
socio-economically deprived communities (Hegazi et al., 2013), which is relevant to the situation 
in Thi-Qar where 37.8% of the population lives below the poverty line of United States dollar 
(USD) $2.5 per day (JAU, 2013). Added to that, the proportion of the population in Thi-Qar using 
an improved sanitation facility is very low, with only 20.8% utilizing the public sewage system as 
the primary system, while 39.4% rely on a covered canal outside the house, and 30% primarily use 
a septic tank (JAU, 2013). An alarming 54.8% of the population in Thi-Qar disposes of garbage in 
open areas (JAU, 2013). A number of case-control and cohort studies on diarrhoea in children 
demonstrated that unsafe water supply and poor sanitatio  are important risk factors associated 
with enteric parasite infections (Hegazi et al., 2013; Ghenghesh et al., 2016; Al‐ reeqi et al., 
2017).  
Very limited research was conducted on Campylobacter occurrence in childhood diarrhoea 
in Iraq, as it is not screened for in pediatric hospitals, hampering our understanding of the role of 
Campylobacter spp. in diarrhoeal illness in this setting. Our results indicate positive PCR detection 
of Campylobacter spp. in 10.9% (17/155) of the screened stool samples from child diarrhoeal 
cases. Interestingly, recent findings from the Globa  Enteric Multicenter Study (Liu et al., 2016b) 
indicate that the fraction of severe diarrhoeal cases in infants attributed to Campylobacter jejuni 
or Campylobacter coli ranged from 6% in Kenya to 12% in Bangladesh, which is comparable to 
the present study finding from Iraq. We also conclude, based on logistic regression analysis, that 
the likelihood of detection of Campylobacter spp. in children from households supplied by pipe 
water was higher compared to those supplied with reverse osmosis-treated water. This finding is 




in Ethiopia, where the highest rates of infections were reported in children whose family did not 
use a protected water source (Lengerh et al., 2013). In spite of growing evidence regarding the 
burden of Campylobacter-attributed diarrhoea in developing countries, we know little about what, 
how, and where children contract infection (Schnee and Petri Jr, 2017). Further research is urgently 
required to investigate the role of supplied household water and the role of domestic animals in 
the transmission of Campylobacter jejuni, especially in populations living with poor sanitary 
conditions, similar to those in Thi-Qar in south of Iraq.   
The spectrum of co-existence of enteric pathogens and their role in diarrhoeal illnesses 
could be understood better by utilizing recent advances in diagnostic tools. The utilization of 
molecular tools in the present study shed light on the potential occurrence of mixed infection 
between the bacterial pathogens Salmonella spp. and Campylobacter spp., and the same was 
revealed between various enteric viruses (Table 4.3). Children can be exposed to multiple 
pathogens at home, the playground, and daycare (Akihara et al., 2005). The presence of mixed 
infections complicates diagnosis of a specific pathogen responsible for the disease and may result 
in an additive impact, leading to a more severe clinical disease (Zheng et al., 2016). Our results 
also point to an intriguing frequency (4.5%) of co-infection between adenovirus and 
Campylobacter spp. This co-infection pattern should be viewed in parallel with the results of the 
logistic regression modeling, as our results pointed to higher odds of adenovirus detection in 
children exclusively bottle-fed (compared to exclusively breastfed), as well as a higher likelihood 
of PCR detection of Campylobacter spp. in children from households supplied by pipe water 
(compared to reverse osmosis water). In settings where potable water may be limited or surfaces 
contaminated, cleaning feeding bottles adequately ma  be impossible, placing infants at a 




and Campylobacter, as well as the potential health risks constituted by these pathogens in water 
environments, is widely recognized (Enriquez et al., 1995; Van Heerden et al., 2005). 
Adenoviruses are considered the only DNA viral pathogens in the enteric virus group. They are 
robust viruses which are non-enveloped with a double-stranded DNA (dsDNA) genome and are, 
thus, more resistant in the environment, including water sources, than other enteric viruses (Van 
Heerden et al., 2005). A recent multi-country study suggests that treatment of drinking water and 
improved sanitation reduced risk associated with Campylobacter infection (Amour et al., 2016). 
The frequent co-infection that we report in the present study between adenoviruses and 
Campylobacter warrants a hypothesis that an interaction between hygiene and contaminated water 
might be a possible route of children co-exposure to both pathogens in Thi-Qar.    
Our results demonstrate the usefulness of WGS-derived data in providing in-depth insight 
into non-typhoidal Salmonella isolated for children with diarrhoea. To the best of our knowledge, 
this is the first published WGS-based characterization of Salmonella from clinical samples from a 
Middle-Eastern country. ST49 was the most frequent g otype, followed by ST198 and ST52. The 
standardization of data and the portable nature of the sequence-based typing allow this method to 
be used as a worldwide epidemiological tool to study source attribution of enteric pathogens. The 
three STs characterized in Salmonella isolates in our study were recently reported in human 
salmonellosis cases from neighboring Qatar (Chang et al., 2016), as well as in the United Kingdom 
(Nair et al., 2016). In several studies, ST49, ST198, and ST52 were also frequently carried in cattle 
and poultry sources contaminated with Salmonella, which might have played an important role in 





Analysis of WGS data also revealed that tetracycline, streptomycin, and aminoglycoside 
resistance genes were commonly harbored by Salmonella isolates characterized in this study 
(Table 3.4). The emergence and spread of antimicrobial resistance in Salmonella is a threat to 
human public health (Mukerji et al., 2017). The high resistance rates to traditional antibiotics in 
the current study could be explained by the fact tha many of these antibiotics in Iraq, as in other 
developing countries, are still indiscriminately prescribed in human medicine due to their low cost 
and wide availability (Jassim, 2010). Three tetracycline resistance genes (tetB, tetA, and tetG) 
were detected among the sequenced Salmonella isolates. A study in Iran also found a similar 
pattern, as the same three genes were the most commonly identified in tetracycline-resistant 
Salmonella from human stool samples (Tajbakhsh et al., 2012). Florfenicol is a chemosynthesis 
broad-spectrum antibiotic related to the chloramphenicol class and is mainly used in veterinary 
medicine (Zhao et al., 2017). In this study, WGS identified floR in 4.3% of S. enterica isolates, 
which is lower compared to findings from a study in Taiwan where floR was identified in 19% of 
the Salmonella isolates from children (Huang et al., 2013). In the isolates characterized in the 
present study, blaCARB-2 and floR genes were all associated with S. typhimurium, with one 
exception of a strain of S. hadar that harbored the blaCARB-2 resistance gene. A similar finding was 
demonstrated by Randall et al. (2004) who also found blaCARB-2 and floR genes to be linked with S.
typhimurium isolated from humans and animals. Using WGS, Nair et al. (2016) observed 
resistance to azithromycin among Salmonella serovars isolated from humans to be linked with the 
presence of mphA gene. This is consistent with our results, which also found two mphA genes to 
be associated with the azithromycin resistance profile. To the best of our knowledge, this is the 
first report of detection and identification of floR, blaCARB-2, and mphA in Salmonella isolated from 




Effective hand hygiene is essential to prevent the spr ad of microbes from person to person 
and reduce cross-contamination from hands to food (Robinson et al., 2016). In the present study 
sample, the likelihood of Entamoeba spp. detection in children belonging to caregivers who 
reported always washing hands after cleaning child defecations was significantly lower (compared 
with those belonging to caregivers who did not wash hands). However, our study data could not 
conclude a relationship between caregivers’ hygienic practices and occurrence of the other 
frequently detected bacterial and viral pathogens (Figure 4.2). It is possible that caregivers’ 
hygienic practice is a limited route of exposure, compared to other sanitary and environmental 
routes, and, hence, it did not reveal a tangible relationship among the present study samples. It is 
worth noting that it is not uncommon to experience difficulty in establishing statistical 
relationships between hygiene-related factors and infections that are multifactorial in nature, as is 
often the case for diarrhoeal illnesses. For instance, recently concluded randomized controlled 
trials that tested the efficacy of improvements in drinking water, sanitation, and hand washing 
(WSH) in low- and middle-income countries found no significant effects on gut markers of 
environmental enteric dysfunction, growth at 18 months of age, or diarrhoea incidence in two out 
of three sites (Humphrey et al., 2015). Lack of stati tical significance of individual studies should 
not be taken as implying that the totality of evidenc  supports no effect. Hence, it is recommended 
that mothers should always be encouraged to wash their hands following the use of a toilet, 
cleaning the child’s bottom after defecation, and before feeding the child, as inadequate hand 








To the best of our knowledge, this study presents the first published molecular investigation 
of multiple enteropathogens among children <5 years of age in Iraq. Although this was not a case-
control study, the frequency of detection of adenovirus, Salmonella, Campylobacter, and 
Entamoeba suggests that these organisms are important causes of diarrhoea in this population. 
More information is needed about the sources, modes of transmission and risk factors of 
enteropathogens in Iraqi children in order to develop methods to control these infections. In future 
work, it is important to build on the present study and plan for longitudinal case-control research 
to investigate in depth the epidemiology of enteropathogens in childhood diarrhoea, and to perform 
environmental, water source, and animal sampling. Phenotypic and genotypic characterization of 
Salmonella resistance to some clinically important antimicrobial emphasizes the need to carry out 
long-term monitoring. Overall, this work fills a gap in research on the frequency of a range of 
enteropathogens and could be used by public health authorities for informing diarrhoea control 




































































Chapter Five - Occurrence, antimicrobial resistance and whole-genome sequencing 





5.1 Preface  
Chapter 5 is the unmodified text version of experimntal research article published in the journal 
of International Journal of Food Microbiology. Below is the full citation of the article that is 
included in appendix 4. 
Harb, A., Habib I., Mezal, E H., Kareem, H S., Laird, T., O'Dea, M., Abraham, S., 2018. 
Occurrence, antimicrobial resistance and whole-genome sequencing analysis of Salmonella 
isolates from chicken carcasses imported into Iraq f om four different countries. International 









5.2 Abstract  
Salmonella is a major cause of human foodborne illnesses world ide; however, little is known 
about its occurrence and genomic characteristics in food sources in many developing countries. 
This study investigates the occurrence, serotypes distribution, antimicrobial resistance, and 
multilocus sequence types (ST) of Salmonella isolated from 400 imported frozen chicken carcasses 
sold in the markets of Thi-Qar, south-eastern Iraq. Salmonella was detected in 11.5% (46/400) of 
the samples. S. Typhimurium was the most abundant (30.4%) among 14 different serotypes 
recovered from the tested frozen carcasses. Antimicrobial resistance was most frequently detected 
against tetracycline (84.4%), nalidixic acid (80.4%), streptomycin (69.6%) and 
trimethoprim/sulfamethoxazole (65.2%). Whole-genome sequence (WGS) analysis revealed that 
18 isolates harbored four β-lactamase resistance genes, with blaCARB-2 was the most commonly 
(14/18) detected. It was possible to identify 8 multilocus sequence types from the WGS analysis 
of 40 out of the 46 Salmonella isolates; with ST-11 (among S.Enteritidis) and ST-19 (among S.
Typhimurium) were the most frequently detected. These results add to our understanding of the 
global epidemiology of Salmonella. Our work provides the first report on WGS analysis of 
Salmonella from retail chicken in a Middle-Eastern country. Results from this study could be 
valuable for guiding an informed import risk analysis aiming at reducing the exposure risk from 
Salmonella in imported chicken carcasses into Iraq. This work demonstrates the value of WGS as 





5.3 Introduction   
Non-typhoidal Salmonella is among the most important foodborne pathogens and co tinue 
to pose a significant challenge to public health and food safety worldwide (Abraham et al., 2014). 
Human Salmonella infections are commonly associated with the consumption of contaminated 
foods and water, as well as direct contact with infected animals (Majowicz et al., 2010). 
Gastroenteritis caused by non-typhoidal S monella is usually a self-limiting illness characterized 
by diarrhoea, fever, vomiting and abdominal cramps. Nevertheless, children, immune-
compromised and older individuals are more likely develop severe disease with a higher risk of 
secondary complications (Jones et al., 2008). Ciprofloxacin and extended-spectrum 
cephalosporins are the most frequently used antibiotics for treating invasive Salmonella infections 
in humans, especially children and the elderly (Zhu et al., 2017). Recently, the increase of 
multidrug-resistant (MDR) forms of S. enterica in food-producing animals has been an emerging 
problem worldwide, likely due to the widespread useof common antimicrobials in poultry and 
animal husbandry for therapeutics, prophylaxis and growth promotion (Gupta et al., 2003; 
Abraham et al., 2014).  
Eggs and poultry products have been described as the main vehicles for the transmission 
of human salmonellosis, accounting for the majority of foodborne outbreaks (CDC, 2009; 
Kasimoglu Dogru et al., 2010). Contamination of chicken meat can occur during various stages 
throughout the slaughter processing, packing, storage, nd transportation (Rajan et al., 2017). It is 
anticipated that over the next decade, imports of poultry meat into developing countries will grow 
at 3.4 per cent per year, while the Africa/Middle East region will likely account for 64 per cent of 
the rise in world poultry imports (OECD/FAO, 2016). In Iraq, over the recent years, the 




domestic production fails to keep pace with growing demand (USAID/IRAQ, 2006). Many of the 
basic services (e.g. water, sanitation and electricity) in Iraq are affected badly after decades of war, 
sanctions, and political instability. Nowadays, sustaining chilling display at retail shops is 
becoming very challenging in most Iraqi cities, especially in the long summer months, as provoked 
by frequent electricity outage due to decaying infrast ucture and prolonged heat waves. Thereafter, 
there is a growth in consumers demand for frozen chicken in Iraq, as it is conceived to be less 
vulnerable to spoilage compared to chilled products. The growth in the importation of frozen 
chicken, combined with the unreliable cold chain logistics in Iraq, mirror a similar situation across 
many developing countries, especially in Africa/Middle East region. Hence, it is important to 
anticipate the emerging risks arising from chicken meat imports in such challenging context. The 
introduction and dissemination of Salmonella from imported chicken need to be evaluated as part 
of import risk analysis; this will help in quantifyng the exposure of the general public to 
Salmonella, for instance, while handling raw frozen chicken in the domestic setting (Campos et 
al., 2018).    
Worldwide non-typhoidal Salmonella is one of the most common bacterial pathogens that 
cause diarrhoea in children and adults (Majowicz et al., 2010; Abraham et al., 2014). In Baghdad, 
central Iraq, non-typhoidal Salmonella was the second most frequently reported cause of 
gastroenteritis in children, after enteric viruses (Al-Kubaisy et al., 2015). Recently, a study in 
southern Iraq isolated non-typhoidal Salmonella from 10.3% of diarrhoeal stool samples from 
children under the age of five years (Harb et al., 2017). There are no published studies 
characterizing non-typhoidal Salmonella hazard in chickens imported into Iraq. Given the 
importance of this pathogen to global public health, this pilot study provides an overview on the 




Iraq. It is important to note that this study is not designed to compare prevalence between the four 
countries; instead, we aim to provide a descriptive insight on variability in both occurrences and 
microbiological features of Salmonella from a representative cohort of imported frozen chicken 
carcasses retailed in Iraq.  
5.4 Materials and methods  
5.4.1 Sampling and study setting 
 
The study was carried out in Thi-Qar province, situated in south-eastern Iraq. The sample 
size was calculated based on an unknown prevalence of Salmonella in imported chicken (thus 
prevalence was set to 50%), a precision of 5% for the prevalence estimate, and a 95% confidence 
interval (CI) (Dohoo et al., 2009). Thus, a total of 400 frozen packaged chicken carcasses were 
collected from different retail stores and markets between November 2015 and August 2016. 
Samples were originating from the four different countries those known (based on personal 
experiences of the four Iraqi co-authors) to be supplying the vast majority of frozen chicken 
carcasses into Iraqi markets. The samples represented carcasses imported from; Iran (n= 100), 
Turkey (n= 100), Brazil (n= 100) and India (n= 100). Samples were collected from three districts 
in Thi-Qar province (Nassriya, Al- Shatra, and Suq Al-Shoyokh); there has been one brand from 
each importing country available in retail shops and supermarkets during the study period. Frozen 
packaged chicken carcasses were placed in separate steril plastic bags, labeled and transported in 
ice boxes to the Food Microbiology Laboratory, Public Health Division in Thi-Qar. All samples 






5.4.2. Isolation and serotyping of Salmonella 
 
The isolation and identification of Salmonella were performed as recommended by the ISO 
6579 standard (da Silva et al., 2013). Briefly, each sample was washed for 2 min in a sterile plastic 
bag containing 225 ml of buffered peptone water (Oxoid, England) and the rinse was incubated 
overnight at 37 °C. A 100 μl aliquot of pre-enriched suspension was transferred into 10 ml of 
Rappaport-Vassiliadis broth (RV) (Oxoid, England), and incubated at 42 °C for 24 h. A loopful of 
broth culture was streaked on Xylose Lysine Deoxycholate (XLD) agar and Brilliant Green (BGA) 
agar (Oxoid, England), and the plates were incubated t 37°C for 24 h. Presumptive colonies with 
Salmonella morphology from each plate were then identified biochemically by inoculating into 
Triple Sugar Iron Agar (Oxoid, England) slope and by using the API 20E system (bioMérieux, 
France). In addition, typical Salmonella phenotypes were further confirmed by single step PCR 
for the S. enterica gene invA (Swamy et al., 1996). Isolates were sent to the Iraqi National Centre 
for Salmonella for serotyping at the Central Public Health Laborat ries in Baghdad.  
5.4.3 Screening of antimicrobial resistance in Salmonella isolates 
 
Antimicrobial susceptibility testing of Salmonella isolates was determined using the disc 
diffusion method on Mueller-Hinton agar plates according to the guidelines of the Clinical and 
Laboratory Standards Institute (CLSI, 2015). The following 12 antimicrobials were tested: 
ampicillin, amoxicillin + clavulanic acid, ceftriaxone, cefotaxime, ciprofloxacin, chloramphenicol, 
gentamicin, nalidixic acid, streptomycin, azithromycin, tetracycline and trimethoprim 
sulfamethoxazole (Mast Diagnostics Ltd, Merseyside, UK). Escherichia coli ATCC25922 was 




resistant according to the CLSI (2015) guidelines. Isolates resistant to three or more different 
classes of antimicrobials were defined as multi-drug resistant (MDR) (Abraham et al., 2014). 
5.4.4 WGS analysis of Salmonella isolates  
 
DNA was extracted from each isolate using the BIOLINE DNA extraction kit (ISOLATE 
II, Genomic DNA Kit) according to the manufacturer’s instructions. DNA was eluted into 100 μL
DNA elution buffer.  Frozen DNA was shipped from Iraq to Australia, and further genomic 
analysis was conducted in the Antimicrobial Resistance and Infectious Diseases (AMRID) 
Laboratory of Murdoch University. Library preparation was performed using an Illumina 
NexTera® XT library preparation kit (Illumina) as per the manufacturer’s instructions. The library 
preparations were sequenced on an Illumina Nextseq platform using a mid-output 2x150 kit. Reads 
were de novo assembled using SPAdes 3.11.1 software (http://cab.spbu.ru/software/spades/). The 
contig files were uploaded to the Centre for Genomic Epidemiology 
(http://www.genomicepidemiology.org/) to screen for multilocus sequence types (MLST 1.8), 
serotypes (SeqSero 1.2) and to extract antimicrobial resistance genes data (ResFinder 3.0).  
Whole genome sequencing analysis was performed on the isolates with read numbers ranging from 
241,340 to 4,858,342 (mean 1,260,901) per isolate, and coverage ranging from 6-104× coverage 
with an average of 33× coverage per isolate. All read data generated in this study has been 
deposited in the NCBI Sequence Read Archive under accession number SRP142560. 
 5.4.5 Statistical analysis 
 
The variation in detection of Salmonella on chicken carcasses and the frequency of serotypes and 
isolates resistance to antibiotics were compared by means of the Chi-square and the two-tailed 





5.5.1 Occurrence and characterization of Salmonella in imported chicken carcasses 
 
Out of 400 imported frozen chicken carcasses, 46 (11.5%, 95% confidence interval: 8.5%, 
15.0%) were cultured positive for Salmonella (Table 5.1), and isolates were further confirmed by 
PCR amplification of a 521 bp segment of the invA gene. Salmonella occurrence and frequency of 
serotypes varied across the four countries from which the chicken were imported (Table 5.1). 
Salmonella was detected in 16% of carcasses imported from Iran, followed by 12% in carcasses 
originated from Brazil, and 11% in chicken from Turkey. A significantly (P < 0.001) lower 
occurrence (7%) of Salmonella was evident in frozen chicken carcasses imported from India. 
Fourteen serotypes were identified among the 46 Salmonella isolates (Table 5.1). S. Typhimurium 
was the most commonly (P < 0.01) recovered serotype (23.9% (11/46)), followed by S. Enteritidis 
(21.7% (10/46)), and S. Kentucky (10.9% (5/46)) (Table 5.1). S. Typhimurium was the most 
significantly (P < 0.01) prevalent (72.7% (8/11)) among frozen chickens imported from Iran, while 
S. Enteritidis was the most (P < 0.001) abundant (50% (5/9)) in frozen chickens imported from 
Brazil, and 80% (4/5) of S. Kentucky isolates were detected in chickens imported from Turkey 
(Table 5.1).  
5.5.2 Phenotypic and genotypic characterization of antimicrobial resistance in Salmonella 
isolates 
 
The 46 Salmonella isolates were screened for susceptibility to a panel of 12 antibiotics, as 
presented in Table 5.2. All Salmonella isolates were resistant to at least one antimicrobial agent. 
High resistance rates were observed against tetracycline (84.8%), nalidixic acid (80.4%), 
streptomycin (69.6%) and trimethoprim/ sulfamethoxazole (65.2%). Lower levels of resistance 




(13.0%), amoxicillin/clavulanate (6.5%) and chloramphenicol (4.3%) (Table 5.2). Resistance to 
clinically important third generation cephalosporins was evident for both cefotaxime (17.4%) and 
ceftriaxone (13.0%) (Table 5.2).  
Among Salmonella isolated from chicken carcasses, 84.8% (39/46) were classified as with 
multiple drug resistances (MDR) (Table 5.3). Salmonella isolates with different serotypes showed 
differences in resistance to the 12 antimicrobial agents. Salmonella isolates from samples of 
carcasses imported from Iran presented with significantly (P< 0.01) higher occurrence of MDR 
(Table 5.3). The profiles of antimicrobial resistance genes were extracted from the WGS analysis. 
The results presented in Table 5.3 reveals that 22 out of the whole-genome sequenced 46 isolates 
were found to harbor five groups of streptomycin-resistance genes, consisting of aadA2 (n=13), 
aadA1 (n= 6), aadA7, and 1 for each of strA and strB. For tetracycline-resistant gene, 20 isolates 
carried tet genes. The tetG gene (n=13) was the most prevalent, followed by tetA (n=5) and then 
tetH (n=3). Twenty of sulphamethoxazole-resistant isolates carried sul1 (n= 17) and sul2 (n= 4) 
genes. Four β-lactamase genes were detected among the 18 isolates, of which blaCARB-2 was the 
most commonly isolated (n=14), followed by laDHA-1 (n= 2), blaCMY-2 (n=1) and blaTEM-1B (n=1). 
In addition, florfenicol (floR), trimethoprim (dfrA14), kanamycin (aph(3')-Ia), erythromycin (erm 
42) resistance genes were found in 15, 8, 5 and 5 isolates respectively. Four aminoglycoside 
resistance isolates carried aph(3')-Ic (n= 3) and aac(3)-Id (n= 1). 
5.5.3 Multilocus sequence typing (MLST) of Salmonella isolates 
 
Sequence types (STs) were extracted from the WGS analysis, and revealed 8 diverse STs 
among the 40 MLST typeable Salmonella isolates. ST-19 was the most common in Salmonella 




most represented sequence types in carcasses from Brazil and Turkey, respectively (Table 5.3). 
Most of the STs obtained in this study were correlated with specific serotypes, such as ST-19 that 
was linked with S. Typhimurium (Table 5.3). In contrast, some of the Salmonella strains with 
different serotypes corresponded to one ST. For instance, ST-413 were characterized as four 
serotypes (S. Kentucky, S. Dublin, S. Virchow and S. livingstone) in spite the serotypes were 
isolated from various regions. 
Table 5. 1. Occurrence and distribution of Salmonella serovars (n= 46) detected in 400 imported 




No. isolate (%) 









S. Typhimurium 11 (23.9) 8 (72.7) - - 3 (27.3) 
S. Enteritidis 10 (21.7) 2 (20.0) 5 (50.0) 3 (30.0) - 
S. Kentucky 5 (10.9) 1 (20.0) - 4 (80.0) - 
S. Muenchen 4 (8.7) 1 (25.0)  3 (75.0) - - 
S. Hadar 2 (4.3) 2 (100.0) - - - 
S. Hato 2 (4.3) - - - 2 (100.0) 
S. Senftenberg 2 (4.3) - 2 (100.0) - - 
S. Dublin 2 (4.3) - - - 2 (100.0) 
S. Virchow 2 (4.3) - - 2 (100.0) - 
S. Newport 2 (2.2) 2 (100.0) - - - 
S. Livingstone 1 (2.2) - 1 (100.0) - - 
S. Branderup 1 (2.2) - - 1 (100.0) - 
S. Anatum 1 (2.2) - - 1 (100.0) - 
S. Infantis 1 (2.2)  -  1 (100.0) - - 





 Table 5. 2.Antimicrobial resistance phenotypes of Salmonella isolated from 400 imported frozen 




Antimicrobial agent  





 n (%) 
Susceptable a 
n (%) 
Penicillins Ampicillin (AMP) 7 (15.2) 11 (23.9) 28 (60.9) 
β- lactams Amoxicillin/clavulanate (AUG) 3 (6.5) 9 (19.6) 34 (73.9) 
3rd generation Cephalosporins Cefotaxime (CTX) 
 
8 (17.4) 6 (13.0) 32 (69.6) 
 Ceftriaxone (CRO) 
 
6 (13.0) 4 (8.7) 36 (78.3) 
Aminoglycosidess Gentamicin (GM) 
 
7 (15.2) 8 (17.4) 31 (67.4)  
 Streptomycin (S) 
 
32 (69.6) 0 (0.00) 14 (30.4) 
Phenicols Chloramphenicol (CHL) 
 
2 (4.3) 4 (8.7) 40 (87) 
Fluoroquinolone Ciprofloxacin (CIP) 
 
10 (21.7) 4 (8.7) 32 (69.6) 
Tetracyclines Tetracycline (TET) 
 
39 (84.8) 3 (6.5) 4 (8.7)  
Macrolides Azithromycin (ATH) 
 
6 (13.0) 2 (4.3) 38 (82.7)  
Quinolones Nalidixic acid (NA) 
 
37 (80.4)  0 (0.00) 9 (19.6) 
Sulfonamides Trimethoprim/sulfamethoxazole (TS) 
 
30 (65.2) 0 (0.00) 16 (34.8) 
 
a Susceptible, the infection due to the strain tested may be expected to respond to usual dosage of this antimicrobial 
agent; intermediate, implies clinical applicability in body sites where drugs are intermediate categories, also indicates 
“buffer zone”, which prevent small uncontrolled technical factors from causing major discrepancies, especially for 




  a NT, non-typeable ST (n=6); due to loss of one of the genes used for MLST. b AMP, Ampicillin; AUG, 
Amoxicillin/clavulanate; CTX, Cefotaxime; CRO, Ceftriaxone; GM, Gentamicin; S, Streptomycin; CHL, Chloramphenicol; CIP, 
Ciprofloxacin; TET, Tetracycline; ATH, Azithromycin; NA, Nalidixic acid; TS, Trimethoprim/sulfamethoxazole. 
Country 
of origin   
 
Serovars MLST Resistance genes Resistance phenotypes b 
Iran   Newport ST-15 tet (A), sul2 TET, CHL, S    
  Muenchen NT a sul2, blaCMY-2 TET, CHL, TS   
 Kentucky NT a aadA2, tet (G), sul1, blaCARB-2, floR, dfrA14, erm 
(42), aph (3')-Ia 
TET, NA, TS, S   
 Enteritidis    ST-11  TET, NA, TS, CIP 
 Hadar ST-198 aadA2, sul1, blaCARB-2, floR, dfrA14, erm (42), aph 
(3')-Ia 
TET, GM, TS, S 
 Hadar ST-198 floR, dfrA14, erm (42), aph (3')-Ia TET, GM, NA, S  
 Typhimurium ST-198 tet (G), sul1, blaCARB-2, floR, dfrA14, erm (42), aph 
(3')-Ia 
TET, NA, TS, S  
 Newport ST-15 tet (A), sul2, blaCARB-2 TET, NA, GM, S, CIP 
 Enteritidis ST-11  TET, NA, TS, S, CIP 
 Typhimurium ST-19 aadA2, tet (G), sul1, blaCARB-2, floR TET, NA, TS, S, AMP 
 Typhimurium NT a aadA1, tet (H), sul2, dfrA14 TET, NA, TS, S, CIP   
 Typhimurium ST-19 aadA2, tet (G), sul1, blaCARB-2, floR TET, NA, TS, S, AMP, GM 
 Typhimurium ST-19 aph (3')-Ia, floR, dfrA14, erm (42)  TET, NA, TS, S, ATH, GM 
 Typhimurium ST-19 aadA2, tet (G), sul1, blaCARB-2, floR TET, NA, TS, S, ATH, AUG, AMP 
 Typhimurium ST-19 aadA7, tet (A),strA, strB, aac(3)-Id,sul1, blaTEM-1B  TET, NA, TS, CIP, ATH, AUG, AMP 
 Typhimurium ST-19 aadA2, tet (G), sul1, blaCARB-2, floR TET, NA, TS, CIP, S, AUG, AMP 
Brazil  livingstone ST-413  NA 
 Senftenberg ST-14  NA, ATH 
 Senftenberg ST-14  NA, ATH 
 Muenchen ST-32 aadA1, tet (A), sul1, aph (3')-Ic  TET, TS, S   
 Muenchen ST-32 aadA1, tet (A), sul1, aph (3')-Ic  TET, CRO, S 
 Muenchen  ST-32 aadA1, sul1, aph (3')-Ic NA, CTX, S  
 Infantis ST-32  TET, CTX, S  
 Enteritidis ST-11  TET, NA, S, CTX 
 Enteritidis ST-11  TET, NA, S, CTX, TS 
 Enteritidis ST-11  TET, NA, S, CRO, TS 
 Enteritidis ST-11   TET, NA, S, CRO, TS 
 Enteritidis ST-11  TET, NA, S, CRO, TS 
Turkey Branderup ST-11   NA, TS, ATH 
 Anatum ST-64   TET, NA, TS 
 Enteritidis ST-11  TET, NA, CIP 
 Virchow ST-413 aadA2, tet (G), sul1, blaCARB-2, floR,  TET, NA, TS, S 
 Virchow NT a aadA2, tet (G), sul1, blaCARB-2, floR, TET, NA, S, AMP 
 Kentucky ST- 413  TET, CTX, TS, S 
 Kentucky ST- 413  NA, CTX, TS, S  
 Kentucky ST- 413 aadA2, tet (G) TET, CTX, TS, S, CIP  
 Kentucky ST- 413  TET, CTX, NA, S, TS 
 Enteritidis ST-11 blaDHA-1 TET, CIP, NA, S, TS, CRO 
 Enteritidis ST-11 blaDHA-1 TET, CIP, NA, S, CRO, AMP 
India Hato NT a aadA1, tet (H), dfrA14 TET, TS 
 Hato NT a aadA1, tet (H), dfrA14  TET, NA 
 Dublin ST-413  TS, NA 
 Dublin ST-413 aadA2, tet (G), sul1, blaCARB-2, floR TET, NA 
 Typhimurium ST-19 aadA2, tet (G), sul1, blaCARB-2, floR  TET, NA, GM 
 Typhimurium ST-19 aadA2, tet (G), sul1, blaCARB-2, floR  TET, NA, TS, S 
 Typhimurium ST-19 aadA2, tet (G), sul1, blaCARB-2, floR  TET, NA, GM, S, TS  
Table 5. 3. MLST, resistance phenotype and resistance gens among Salmonella isolated from 400 imported frozen 





To the best of our knowledge, this is the first study reporting on the genomic 
characterization of Salmonella isolates from imported chicken carcasses into Iraq. This study 
highlights the significant role of globalization and international trade in the foodborne exposure to 
Salmonella. The major findings arising from this study confers better insight on the concordant 
association between the key Salmonella serotypes and exporting countries of origin, as well as 
revealing wide spread of MDR and resistance genes i Salmonella isolates to the traditional 
antimicrobials regularly used in veterinary and human sectors, with potential for transfer to 
humans. This work also demonstrates the value of WGS in supporting evidence-based food safety 
hazard characterization. 
The overall level of Salmonella contamination in frozen chicken carcasses from this study 
(11.5%) in Iraq was slightly lower than what was reported in resembling retail baseline studies 
conducted in Egypt (16%, in whole chicken carcasses from retail shops and markets) (Abd-
Elghany et al., 2015), Spain (16.5%, in imported frozen chicken carcasses, legs, and breast) 
(Hernandez et al., 2005) , and South Africa (19.3, % in frozen and fresh whole chicken carcasses 
from retail outlets) (van Nierop et al., 2005). However, higher prevalence compared to our finding 
was reported from studies investigating Salmonella in frozen chicken meat from Brazil (Tavechio 
et al., 2002), India (Kaushik et al., 2014), Turkey (Arslan and Eyi, 2010) and Iran (Dallal, 2014) 
with contamination rates of 21.7%, 23.7%, 29.3%, and 33%, respectively. 
Contaminated imported chicken carcasses might act as a potential vehicle for the 
introduction of several types of non-typhoidal Salmonella into the retail markets of importing 
countries, with potential for transfer to humans through cross-contamination with Salmonella 




prevalence may vary considerably between regions and countries (Harrison et al., 2001; Dallal, 
2014). Interestingly, our results revealed lower occurrence of Salmonella (7%) in chicken 
carcasses imported from India as compare to those fr m Iran, Brazil and Turkey. It could be 
hypothesized that the lower occurrence of Salmonella in carcasses imported from India could be 
partly explained by the fact that those carcasses sp nd more time under freezing due to the longer 
distanced journey from India to Iraq, compared to amuch shorter journey for imported shipments 
arriving from Iran or Turkey, the closest neighboring countries to Iraq. Nevertheless, this 
hypothesis seems to be partially valid, considering that the length of the journey did not imply a 
similar tangible effect on carcasses imported from Brazil. Salmonella has shown to become less 
viable due to structural damages of cells that may occur during prolonged frozen storage, which 
further facilitate the inactivation of Salmonella  (Manios and Skandamis, 2015). In future research, 
more comprehensive studies might be needed to confirm our findings, as this might be valuable 
for adopting an evidence- based risk ranking of countries exporting chicken carcasses to Iraq. 
Surveillance and identification of the prevalent Salmonella serotypes in humans and 
chicken should be carried out in order to develop a national/regional control program (Gupta et 
al., 2003). In the present study, serotyping revealed  total of 14 serovars in the 46 Salmonella 
isolates. In line with our finding, the top three srotypes; S. Typhimurium, S. Enteritidis, S. 
Kentucky, were also the most prevalent ones in a study on chicken meat from neighboring Turkey 
(Acar et al., 2017). 
Our study also show that S.Typhimurium was the most commonly isolated serotype, and 
specifically was more prevalent in Salmonella isolated from chicken carcasses imported to Iraq 
from Iran. Previous studies reported that S. Typhimurium is one of the most prevalent serovars 




infection (Rahmani et al., 2013; Rajan et al., 2017). It is believed that S. Typhimurium is one of 
the most frequent serotypes involved in human cases of salmonellosis in Iraq and many other 
developing countries (Deng et al., 2012; Harb et al., 2017). 
Moreover, S. Enteritidis was the second most prevalent serotype among samples tested in the 
present study; and predominantly was isolated from the imported Brazilian chicken carcasses. 
Several investigations have revealed S. Enteritidis is the most prevalent serotype found i egg, 
poultry meat and human cases of salmonellosis in Brazil over the last few years (Voss-Rech et al., 
2016; Wafa et al., 2017). The difference in dominance of Salmonella serotype among humans and 
animals is dynamic and variations from one country to another may be due to various factors, such 
as; climate, production practices, availability of vaccination programs in poultry, and the level of 
spread of specific serotypes in environmental reservoir (Thai et al., 2012; Wafa et al., 2017). The 
isolation of S. Kentucky from human clinical cases of gastroenteritis has been reported by some 
researchers (Barua et al., 2014; Acar et al., 2017). Generally, this serotype is more often associated 
with chicken and other foods of animal origin (Abbassi-Ghozzi et al., 2012; Tasmin et al., 2017). 
Our results are comparable to those concluded by Dione et al. (2009) with S. Kentucky was ranked 
as the third most frequent serotype (8.4%) in chicken samples isolated from different sources 
(broiler farms, chicken carcasses, and street-vendors) in Senegal. Collectively, our results highlight 
the potential role of international trade in the foodborne exposure to Salmonella. Results from this 
pilot study could be valuable to extend on further in order to achieve an efficient import risk 
ranking aiming at reducing the exposure risk to Salmonella from chicken carcasses imported into 
Iraq. 
Salmonella isolates in this study showed high rates of resistance to several antimicrobials, notably 




used antibiotics in human and veterinary medicine (Abraham et al., 2014). These findings are in 
agreement with previous studies on chicken meat from I an (Dallal, 2014; Sodagari et al., 2015), 
India (Mir et al., 2015), Turkey (Yildirim et al., 2011) and Egypt (Abd-Elghany et al., 2015). These 
high resistance rates might be attributed to the imprudent application of antimicrobials for 
therapeutic purposes, or in feed as a growth promoter in poultry husbandry (Yang et al., 2010). 
Especially in developing country like Iraq, this find ng is highly concerning from a public health 
perspective as many of these traditional (old generation) antibiotics are still widely prescribed in 
human medicine due to their low cost and wide availbil ty (Jassim, 2010). 
Our study revealed that 21.7% of the isolates were resistant to ciprofloxacin, a 
fluoroquinolone class antimicrobial. This result is lower than what was found in Salmonella 
isolated from chicken meat in Romania (61.9%) (Tirziu et al., 2015) and China (48.7%) (Zhu et 
al., 2017), but slightly higher than the resistance rat s reported for ciprofloxacin in other studies 
from Iran (17.3%) (Rahmani et al., 2013) and India (15.62%) (Mir et al., 2015). Resistance to 
cefotaxime and ceftriaxone was found in 17.4% and 13.0% of the isolates of this study, 
respectively. These results are similar to other reports from Middle Eastern countries, such as 
Turkey (Yildirim et al., 2011) and Egypt (Gharieb et al., 2015), investigating Salmonella isolates 
from retail chicken meat and carcasses. These results warrant for more systematic screening of 
ciprofloxacin and third generation cephalosporins in Salmonella from retail chicken meat in Iraq, 
as these are the antimicrobials of choice for the treatment of invasive Salmonella infections in 
humans (Zhu et al., 2017). Salmonella isolated from imported chicken carcasses in this study 
showed lower rates of resistance to gentamicin, ampicillin, amoxicillin/clavulanate and 
chloramphenicol. These results were in accordance with other studies from Brazil (Dias de 




84.4% (39/46) of the Salmonella isolates in the present investigation, and this wain agreement 
with findings on Salmonella from poultry in the USA (Zhao et al., 2005), Brazil (Dias de Oliveira 
et al., 2005), Turkey (Yildirim et al., 2011) , and Egypt (Abd-Elghany et al., 2015). Our results 
and previous research, support the hypothesis that poultry and chicken meat might play an 
important role in the foodborne exposure to multi-resistant Salmonella infection. 
For resistance genes, our data showed that streptomycin, tetracycline and 
sulphamethoxazole resistance genes were widespread in different Salmonella serotypes recovered 
from different sources, and this was also correlated with their resistance phenotypes. This result is 
in agreement with previous observations among Salmonella recovered from retail meats and 
chickens (Yang et al., 2010; Zhu et al., 2017). Added to that, we found that the incidence of β-
lactamase genes in 
Salmonella from imported chicken carcasses in Iraq were lower than what was reported in China 
(Zhu et al., 2017), while for floR our results was higher than a study in Egypt, where florphenicol 
class were identified in only 18.8% of the Salmonella isolates from meat and dairy products 
(Abraham et al., 2014). 
This study shows the value of WGS in epidemiological study of foodborne pathogens of 
public health importance such as Salmonella; the technique provides massive data for research 
purpose, together with some very valuable epidemiolog cal portfolio of the isolates, notably; 
serotypes, AMR resistance genes, and multilocus sequence types (Phillips et al., 2016). MLST 
results reveal that a total of 8 STs were assigned to 40 isolates. ST-11 and ST-19 were the most 
frequent genotype that was recovered in chicken carcasses in our study. Recently, ST-11, ST-19, 
ST-14, ST-32 and ST-64 have continually been reportd in clinical human salmonellosis cases, 




Kang et al., 2017; Zhao et al., 2017). Our findings revealed that one ST could correspond to 
different serotypes such as ST-413 and ST-32 as present d in Table 5.3. Similar to our results, Liu 
et al. (2011b) observed certain isolates were identfi d as one ST such as ST-32, but they were 
characterized as three serotypes (S. Infantis, S. Riggil, and S. Oranienburg) collected form food 
samples in different countries while ST-11 were characterized as three serotypes (S. Enteritidis, S. 
Dublin, and S. Gallinarum) collected from one source, which indicated that these strains probably 
displayed convergent gene evolution or had some association and the diversity might increase as 
a result of recombination, mutational events, or horizontal gene transfer. Added to that,  Zhao et 
al. (2017) found equivalent results to ours, ST11 and ST19 were the most frequent genotype that 
was recovered in chickens, duck and pigs, which belongs to S. Enteritidis and S. Typhimurium, 
respectively. Unlike serotyping, MLST recognizes evolutionary groupings and it has been 
recommended that Salmonella classification by serotyping should be replaced by MLST or its 
equivalents (Phillips et al., 2016). A transition to the routine use of MLST, supplemented where 
appropriate by even more discriminatory sequence-bas d typing methods based on entire genomes, 
will provide a clearer picture of long-term transmision routes of Salmonella, facilitate data 
transfer and support global control measures. 
 
5.7 Conclusion 
This study indicates that imported chicken meat might play a significant role in the 
exposure to non-typhoidal salmonellosis in Iraq. Many of the serotypes reported in humans in the 
exporting countries were also mirrored in the imported carcasses. We also characterized some 
important antimicrobial resistance genes by using WGS; many of these genes detected in 




transfer to humans. The high rates of multi-drug resistance to the traditional antimicrobial agents 
regularly used for clinical treatment in children ad adults require urgent attention. Therefore, 
systemic surveillance of antimicrobials and legislat on on the imported food of animal origin 
should be considered by the health authorities in Iraq in order to avoid the spread of antimicrobial 
resistance infection to human. Additionally, the isolation of Salmonella from imported chicken 
meat for human consumption highlights the importance of consumer's education on proper 
handling and preparation of food in order to reduce the potential risk of transmission of this 
pathogen. Our findings provide useful baseline information that will benefit our understanding of 



















Chapter Six - General Discussion 
 
6.1 Introduction 
Diarrhoeal disease is still regarded as one of the most important causes of morbidity and 
mortality in developing countries, especially in children under five years of age. Prior to this 
research, little was known about the epidemiology of diarrhoea in children in Thi-Qar, Iraq, nor 
the aetiological agents of diarrhoea and their potential risk factors. The studies reported in this 
thesis were designed to generate, for the first time, baseline epidemiological information on the 
occurrence of Salmonella and selected enteric pathogens associated with childhood diarrhoea, and 
identify potential risk factors associated with theintroduction and transmission of the pathogens, 
in order to inform management strategies for the existing diarrhoea control program. 
The cross-sectional survey (Chapter 2) provided a significant increase in the current 
knowledge of the prevalence, distribution, antimicrobial susceptibility profiles, serotypes and 
epidemiological characteristics of Salmonella among paediatric diarrhoea cases in Iraq. Using 
molecular tools, selected enteropathogens belonging to bacterial (Salmonella spp. and 
Campylobacter spp.), viral (adenovirus, norovirus GI and GII, and astrovirus), and parasitic 
(Entamoeba spp. and Giardia spp.) agents were detected in stool samples from child diarrhoeal 
cases. The results obtained (Chapter 4) have provided evidence of the benefits of using these 
platform technologies to effectively characterize co-infections, along with their related clinical and 
epidemiological features among children with acute diarrhoea in Thi-Qar. 
This study for the first time utilised WGS to assess the zoonotic transmission of NTS at the 




of using this technique in molecular epidemiological studies of foodborne pathogens of public 
health importance (Chapter 4-5), in contrast to standard typing methods available in Iraq. This tool 
provided high resolution data on Salmonella isolates and suggests the potential role chicken mat 
plays in dissemination of Salmonella spp. as a zoonotic risk within Iraq.  
Another important aspect of this PhD was the investigation of the potential impact of socio-
demographic factors on how mothers seek access to health care when their children develop 
diarrhoea (Chapter 3). This was analysed by correlating the predictor socio-demographic factors 
with health-care seeking and alternative management prac ices of the mothers. 
 
6.2 The possible risk factors associated with diarrhoea in children and management factors 
contributing to decreasing infection.  
Identifying and understanding the risk factors for diarrhoea are critical for the 
implementation of effective disease control programs to reduce possible transmission of etiological 
agents among the community (Gebru et al., 2014). Therefore, the current study, for the first time, 
provides local epidemiological data which explore some risk factors associated with enteric 
pathogens to understand childhood diarrhoeal in Iraq.  
The age of a child is widely acknowledged as one of the factors associated with the 
prevalence of diarrhoea infection (Woldu et al., 2016). The cross-sectional study conducted as part 
of this thesis reported a high prevalence of enteric pathogens in the children at the age group 1-2 
year and a low prevalence in 0-12 months groups. Children aged between 1-2 are likely to have 




microbes through food consumption is high (Diouf et al., 2014). While protection against diarrhoea 
at the youngest age group may be conferred by several m chanisms such as maternal antibodies in 
which an infant receives against enteric pathogen through exclusive breastfeeding especially in the 
first six months of age (Gizaw et al., 2017), as shown in our study. Therefore, as per international 
guidelines, mothers should always be encouraged to continue breastfeeding their children in the 
first six months, particularly for infants with diarrhoea (WHO/UNICEF, 2004). Several case-
control studies and the present study documented an association between bottle feeding and higher 
rates of diarrhoeal morbidity (Lamberti et al., 2011; Wobudeya et al., 2011). This finding may be 
explained by the fact that the bottle for young child prepared under unhygienic conditions is 
frequently contaminated with pathogens and has beenid ntified as an important risk factor for the 
transmission of infectious agents responsible for causing diarrhoea (Williams et al., 2016). 
The present study also demonstrated that water source (tap water) is a primary risk factor 
associated significantly with Salmonella, Campylobacter, Entamoeba and adenoviruses, which 
constitute the majority of waterborne pathogens andthe leading cause of childhood diarrhoea 
(Bhatta et al., 2007; Li et al., 2010; Hegazi et al., 2013). The findings of this study indicate that 
tap water in Thi-Qar households is not necessarily f ee from faecal pathogens and safe for 
consumption. Therefore, there is an urgent need for extensive investigation of municipal water, to 
determine the presence of disease-causing micro-organism agents. As a global public health 
recommendation, drinking-water should be treated at household or point-of-use, which is more 
effective than interventions at the water source for the prevention of childhood diarrhoea (CDC, 
2015). Household water treatment can be performed by ifferent approaches; however, boiling 




the most commonly used method in developing countries (Clasen, 2015; Cohen and Colford, 
2017). 
In the present study, the hygienic practices were evaluated in terms of hand wash practices. 
The results of this study illustrated that handwashing practices by mother in particular cleaning the 
child after defecation and before preparation of fod are significant risk factors associated with 
diarrhoea prevalence. It is likely hand contaminated with faeces of the mother transmit pathogens 
to the children during food preparation (Jensen et al., 2015). These results indicate good hand 
hygiene, is an essential measure at the individual level to prevent the spread of diarrhoea causing 
pathogens within household environments and food, an  their subsequent ingestion (Hashi et al., 
2017; Acharya et al., 2018). Interventional studies have reported that handwashing with soap is 
one of the most cost-effective protective variables, r ducing childhood diarrhoea risk by 40–48% 
(Langford and Panter-Brick, 2013). 
Education is another key component of reducing or inc easing the incidence of diarrhoea 
in children. The key role of the education level of mothers was evident in the current study where 
we observed a positive association between maternal ducation and the prevalence of diarrhoea in 
children. The results of the study revealed that the occurrence of diarrhoea was significantly higher 
in children whose mothers had a lower education level (illiterate and primary), compared to 
children from mothers with a higher education level. Protective effect of mother education on 
infant diarrhoea varies according to social-economic where the mother lives (Thiam et al., 2017). 
Therefore, public health education is a critical comp nent of reducing the spread of diarrhoea and 
this requires further funding and development in Iraq. In particular, educational material on 
diarrhoea prevention should be developed and offered in a culturally fitting way for 




and treatment-seeking practices (Khalili et al., 2013). Ultimately, the data generated through this 
work provided fundamental information applicable for developing the public health programs for 
management of diarrhoea through relatively inexpensiv  interventions encompassing personal 
hygiene, hygienic food preparation, breastfeeding, water treatment and health education.    
 
6.3 Molecular methods for the detection of enteric pathogens in children  
For management and control of childhood diarrhoea in a region, it is imperative to identify 
the key enteropathogens responsible for the disease. In this thesis (chapter 4), molecular 
approaches were employed to determine faecal carriage for enteric pathogens associated with 
diarrhoea in children under five years old. The keyadvantages of these techniques are that they 
are reliable and cost-effective methods and provide the potential for rapid screening of the 
prevalence of multiple enteric pathogens (Liu et al., 2016a). The molecular tools allowed for the 
identification of Adenovirus, Salmonella spp, Campylobacter spp, and Entamoeba spp as major 
infectious agents responsible for causing diarrhoea in children in Thi-Qar province. In addition to 
providing sensitive identification of selected enteropathogens, the application of molecular tools 
has also resulted in the description of co-infections as an important factor for causing diarrhoeal 
disease in children. Adenoviruses and Campylobacter was the most common co-infection 
identified in symptomatic children (4.5%), supporting previous evidence that co-infection with 
other enteric pathogens seems to aggravate diarrhoe severity in children (Zhang et al., 2016; 
Adam et al., 2018). Thus, an understanding of the rol of co-infection with enteric pathogens 
including virus, bacteria, and parasite is now a priority in global health programs for the eradication 
of acute diarrhoea in children (Zhang et al., 2016). One of the key limitation of this project was 




work is required to determine the extent of genetic diversity between and within these species 
(Adam et al., 2018). Despite the limitations, the outc me of this study highlights the key pathogens 
responsible for diarrhoea in children and the importance of basic molecular tools in diagnostics, 
risk assessment, epidemiology and management of enteropathogens responsible for diarrhoea in 
children. These findings should serve as evidence for public health services when planning and 
developing paediatric diarrhoea control programs in Iraq.   
 
6.4. Public health significance of Salmonella from chicken meat 
In Iraq, chicken meat is the biggest meat source due to response to expanding demand by 
Iraqi households for this more affordable animal protein compared to red meats. The majority of 
chicken meat consumed in Iraq is imported from various countries such as Iran, Turkey, India and 
Brazil.  
One of the major findings of the present study was the identification of S. Typhimurium 
(23.9%) and S. Enteritidis (21.7%) at relatively high prevalence in chicken samples (Chapters 5). 
Both species also have been previously reported as the most frequent serotypes from chicken meat 
in the Eastern Mediterranean region and considered as a major threat to human health (Ranjbar et 
al., 2011; Taha et al., 201; Ahmed and Shimamoto, 2014; Amajoud et al., 2017).  In addition to S. 
Typhimurium and S. Enteritidis, other serotypes including S. Muenchen, S. Hato and S. Hadar 
(Chapter 5), were the most common serotypes also identified in child faecal samples (Chapter 2). 
In this context, our results corroborate the findings of other investigators in Egypt (Gharieb et al., 




poultry meat are also present in diarrhoeic patients, and this indicates that isolates of chicken meat 
are capable of causing human zoonotic infection.  
It is well established that surveillance and identification of the common Salmonella 
serovars in the food industry and retail meats aid public health authorities to assess the risks of 
strains and developing national control programs to reduce notification rates in humans (Simpson 
et al., 2018; Vinueza-Burgos et al., 2019). The finding of zoonotic Salmonella serotypes in 
imported chicken meat, during the present study, prom t the need for further investigations and 
systematic surveillance on imported foods of animal origin including eggs, cheeses, meat and milk 
to determine lines of food with a high carriage of Salmonella and recognize strains which have 
public health implications, in particular those resistant to antimicrobials. In addition, local studies 
in the hospitals and abattoirs should be expanded to xamine all diarrhoea cases and carcasses of 
chicken, cattle, goats and sheep slaughtered in Iraq to assess the differential prevalence of 
serotypes of animal and human clinical isolates. These trends would allow successful Salmonella 
control measures to be implemented to reduce the most common strains which exhibit the highest 
infection risk associated clinically relevant Salmonella in humans (Simpson et al., 2018). 
 
6.5 The practical application of whole-genome sequencing (WGS) in understanding 
Salmonella epidemiology. 
Whole-genome sequencing analysis of food-related Salmonella strains is becoming a first 
choice technique for use in molecular epidemiological surveillance, public health investigations 
and outbreak recognition (Thompson et al., 2017; Rossen et al., 2018). For instance, during a 




outbreak, which affected nearly 300 people in 44 state  within the district of Columbia (Lienau et 
al., 2011). The use of WGS data in the present study, was noteworthy to provide useful information 
on the genomic characteristics of Salmonella from chicken meat and human origins, including 
genotypic diversity and antimicrobial resistance genes.  
Our MLST data from chicken meat and human origins are the first Iraqi dataset to be 
deposited in the Salmonella MLST database. The most commonly detected Salmonella STs from 
chicken meat included ST11, ST19, ST198, ST14, ST32 and ST64 (Chapter 5). This is important, 
as the same STs have been reported frequently to cause human salmonellosis in WGS-based 
studies across the world. Similarly, ST49, ST198, and ST52 from clinical samples (Chapter 4) 
were the most frequent genotypes identified also in food sources contaminated with Salmonella 
(Liu et al., 2011b; Chang et al., 2016). It is clear that the data generated from Chapters 4 and 5 
provide further evidence suggesting the potential role of chicken meat as sources of human 
pathogenic strains in the zoonotic transmission and epi emiology of salmonellosis. These data 
appear as critical information to make public health decisions regarding the Salmonella situation 
in Iraq in terms of identification of bacteria genomic sequence types in food surveillance at the 
National Centre of Salmonella in Baghdad. 
Multilocus sequence types (MLST) based on whole genome sequencing (WGS) have been 
shown to be a powerful tool in tracking the transmission and control patterns of food-borne 
pathogens and in identifying the defining characteris ics of new isolates (Phillips et al., 2016). 
Since non-typhoidal Salmonella infection is considered a major zoonotic disease, a detailed 
analysis of a larger number of Salmonella species over a longer period of time using WGS could 
help to gain more insight into the possible transmis ion of Salmonella between human and animal 




6.6. The implications of antimicrobial-resistant Salmonella on human health. 
Not only is Salmonella a public health concern due to the number of cases per year, but 
many strains are resistant to several antimicrobial agents (Abraham et al., 2014). The contribution 
of the food-animal industry as a reservoir of antimicrobial resistance with impacts on human health 
has been controversial, but accumulating evidence linking poultry production with AMR 
Salmonella infection have been reported, namely involving non-typhoidal Salmonella (Campos et 
al., 2018; Bythwood et al., 2019). In this study, we hypothesized that chicken meat can harbor 
antimicrobial-resistant Salmonella strains and function as a vehicle for disseminatio of these to 
humans. 
The antimicrobial susceptibility testing (Chapter 2, 4 and 5) represents the first published 
description of phenotypic and genotypic antimicrobial resistance of non-typhoid Salmonella from 
Iraq. A key observation in this thesis was that S lmonella isolates had high rates of resistance to 
first line antibiotics (e.g., ampicillin, tetracycline, streptomycin and trimethoprim/ 
sulfamethoxazole), as many of these traditional antibiotics are still widely prescribed to treat 
enteric illnesses in children and adults due to their low cost and availability in Iraq, as in other 
developing countries (Rahman et al., 2001; Ranjbar et al., 2011). Of significant concern is the 
emergence of resistance phenotypes to fluoroquinolones and extended-spectrum cephalosporins in 
non-typhoidal Salmonella isolates from chickens (Chapter 5) with MLST profiles corresponding 
to those reported from human isolates (Chapter 2). This is concern from a public health perspective 
because fluoroquinolones (ciprofloxacin) and third-generation cephalosporins (cefotaxime and 
ceftriaxone) are the drugs of choice for treatment of severe Salmonella infections in humans (Zhu 
et al., 2017). Accordingly, limiting the occurrence of resistance to fluoroquinolones and extended-




World Health Organization as critically important antimicrobials (Collignon et al., 2016). It is 
likely the high rates of resistance detected in this study, reflect the levels of antimicrobial 
consumption in poultry farms in importing countries (Iran, Turkey, India and Brazil), as growth 
promoters or in treatment of bacterial infections, areas that remain largely unregulated (Sodagari 
et al., 2015; Voss-Rech et al., 2017). Hence, more res arch is required to further elucidate the risks 
that AMR from food of animal origin imported into Iraq may pose to human health. The present 
results reveal that, the acquisition of data generated by disc diffusion testing (phenotypic) could 
be beneficial in informing our understanding of antimicrobial resistance in public and veterinary 
health and can contribute to national surveillance. 
The data presented in this thesis has improved our understanding of the prevalence of AMR 
elements in Salmonella of poultry origin and provided a warning of the potential horizontal gene 
transfer of resistance gene between food of animal origin (i.e chicken meat) and humans (Voss-
Rech et al., 2017; Campos et al., 2018). In addition, the data provided fundamental information 
applicable when launching future control programs in Iraq with the aim to conserve the 
effectiveness of important antimicrobials for treatment in humans.  
 
6.7 Limitations and further research to resolve the limitation of the current study are: 
Initially, data collected as part of this study (Chapter 2, 3, and 4) included only the age 
group less than 5 years old and hence results are not r presentative of children older than 5 years. 
Further work is required to investigate the impact of diarrhoea on various age groups by conducting 




key risk factors for infection. Such a study would help identify specific local practices/habits linked 
to infection so that control programmes could be developed specifically for the local situation. 
Added to that, no data was recorded on seasonal patterns when the children were sampled. 
Interestingly, a recent study conducted by Yu et al. (2015) observed a distinctive diversity of 
seasonal distribution of enteropathogens between viruses and bacteria in children with diarrhoea, 
where viruses were prevalent in winter and autumn months, while bacteria were prevalent in 
summer months. This seasonal pattern of enteropathogens was also observed in several other 
studies and strongly associated with environmental factors such as ambient temperature, 
precipitation and humidity, which may have an influence on exposure frequency, host immunity 
and survival of pathogen (Lal et al., 2012). This information of age and seasonal distribution for 
enteric pathogens is essential when planning the timing and target population for intervention 
programs in Iraq. Therefore, future studies examining pathogens should include the seasonal 
variations of diarrhoeal illness onset to better understand the effects of the season for the 
prevalence of enteric pathogens. 
The limited sample size may influence the analysis of population distribution of major 
enteropathogens. Therefore, in chapter 4, the positive percentage of some enteric pathogens among 
children may be overly represented due to the small sample size. An increased sampling depth will 
be required in future studies in order to derive a true understanding of the clinical impact of the 
enteric pathogen on children and tested with non-targe ed assays, such as WGS to identify to 
species or subtype level of pathogens (Deurenberg et al., 2017).   
Another limitation is that no drinking water samples (municipality supplied) were collected 




would provide stronger evidence linking a possible potential epidemiological role of these 
pathogens in contamination of water sources as well as enable observation of the effectiveness of 
the water treatment used in these circumstances. Thi  warrants further molecular investigation to 
determine if the pipe source of water is a common source of community-acquired enteric pathogen 
illnesses in Thi-Qar, and also the need for more eff ctive guidelines for better education of the 
public to avoid consumption of contaminated water. 
Lastly, in order to risk evaluations of human exposure to Salmonella-contaminated eggs, further 
studies are required to investigate the distribution of Salmonella in eggs at retail shops and to 
analyze the relatedness of the prevalent serotypes along with the egg production. 
 
6.8 Future directions  
1- Further studies into the molecular epidemiology f enteric pathogen species/genotypes are 
required, in particular, large scale longitudinal research utilising WGS. It will help to better 
understand the full diversity of pathogens responsible for causing diarrhoeal disease in Iraq, the 
extent of co-infections and the transmission dynamics of pathogens on the population. This also 
will greatly help with generating more accurate data for better microbial risk assessments which 
are useful for outbreak investigation.    
2- Studies on the transmission dynamics of Salmonella are hampered by the lack of suitable 
subtyping tools. More variable genetic loci need to be identified and used in MLST to provide a 
better understanding of Salmonella population genetics, geographic distribution and bacteria 
tracking. Whole-genome sequencing is essential to ident fy these loci, as well as providing 




determinants and antimicrobial resistance genes. It will be interesting in the future to conduct 
further studies based on WGS on Salmonella isolates from various food sources. 
3- Larger-scale studies using molecular tools in both human and veterinary sectors are needed to 
assess the spread of AMR and the resistance genes associated with it from different geographical 
locations in Iraq in order to conserve the effectiveness of medically important antimicrobials for 
treating diseases in humans. 
4- Further molecular epidemiological studies are required also to understanding the epidemiology 
of zoonotic infections in rural regions. Such studies should attempt to include different species of 
animals and people of different age categories who contact or living in close proximity to animals. 
This study will provide us with evidence to confirm the hypothesis that humans and animals living 
in close contact in the same household carry genotypically similar Salmonella serotypes. 
 
6.9 Recommendation  
• Ministry of health through its health promoting unit i  association with social organizations 
should enhance health education campaigns to raise awareness about risk factors for 
diarrhoea to the adoption of better health behaviours. Information should be provided on 
the clinical signs, transmission route, prevention and control measures for diarrhoeal 
illnesses. The educational message may be provided through various routes including radio 
broadcasts, warning signs, posters, pamphlets, newspapers, and television. 
• Ongoing molecular surveillance of enteric pathogen is also recommended to provide a 




strategies for exotic pathogens that could enter Iraq and have devastating effects on human 
health. 
• In Iraq, the time has come for laboratories for Central Public Health, in particular, the 
National Centre of Salmonella to implement routine genome sequencing tools as part of 
their surveillance programs for Salmonella. This would allow surveillance to incorporate 
species and genomic data, which would facilitate a dat base including also antimicrobials 
susceptibility, enabling epidemiological interpretation of genotype occurrence and 
distribution trends in both sporadic and outbreak cses.  Continuous monitoring to detect 
the emergence of any serotype or genotype along the food chain is of critical importance 
for public health, warning of the emergence of new Salmonella food safety risks. 
• Given the public health significance of antimicrobial resistance detected in this study, 
substantial enhancement in surveillance of community-wide resistance infection is 
required. This highlights a need for the Ministry of Health of Iraq to have a long term 
surveillance program which is essential in identifying the changes in the spectrum of 
Antimicrobial pattern of bacteria. This will provide appropriate control measures for 
Antimicrobial resistance pathogens in Iraq. Added to that, encourage and ensure the proper 
and rational use of antibiotics to community and health care providers. 
 
6.10 Final remarks 
Molecular epidemiological studies such as the present one, involving robust and reliable 
detection of enteric pathogens, are crucial to inform government and foster the development of 




epidemiological data, will be of substantial benefit to the development of interventions aimed 
mitigation threat of diarrhoeal disease.  
The knowledge of genomics characterization of Salmonella provided in the present thesis may be 
incorporated into zoonotic disease management strategies and public health plans in Iraq. The 
research has also identified that for Salmonella pathogens, susceptibility data from disc diffusion 
or WGS generated from food and human samples can contribute to national surveillance. 
Collaboration between human and veterinary laboratories is essential to ensure the collection of 
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Appendix 5 – Questionnaire Pediatric Hospitals 
 
Hospital name ___________                                       Patient number (code) _________ 
Date  __________      
 
1. Where do you live?  
 Rural                        District_________           Name of the region/village ___________  
 Urban                       District__________           Name of the region/village __________   
 
2. What is your relationship to the child [he/she]?  
Mother                           Father                              Sister                   
Aunt                                Grandmother                    Grandfather            Other ________      
3.  How old are you? ________  
4. What is the highest level of education you have completed? 
      Illiterate                                 Primary   
      Secondary                   High school                                     University 
5. Are you employed?   
      Yes                                             No 
6. How many people including you live in your household? __________  
7. How many children under age five in your household? __________ 
8. Has any other household member including you had di rrhoea in the last 2 weeks? 
Yes                                               No  




10. How old is child [he/she]? _________ month?  
 
        
  
      
  
      
  
   
    






11. Has the child received exclusive breastfeeding for 6 months? 
       Yes      
 No, exclusive bottle feeding  
 Mix – breast and bottle feeding 
12. Was the child given any antibiotic before attending to hospital? 
Yes                 skip Q13 
No                   skip Q14 
13. How many days ago did the child take this antibiotic? 
1 day  
2 days 
       ________ days  
If 7 days, exclude from the study sample. 
14. How many days ago did the diarrhoea started? (Duration of diarrhoea) 
 Today 
 1 day ago  
 2 days ago 
_____ days ago 
15.  Has the child suffered from any of the following clinical symptoms?  
• Vomiting                                                  Yes               No  
• Abdominal pain                                     Yes               No                      
• Fever                                                        Yes               No  
• Dehydration                                             Yes               No 
 
16. Consistency of diarrhoea. 
 Bloody and mucoid (mixed)  
 Mucoid  











    
    














17. What is the main source of drinking water for the child?  
Municipal (pipe) water                                   
Purchase reverse osmosis (RO)               
Purchased bottle water                              
Other _________ 
18. Do you treat drinking water at home before give to the child? 
      Yes     skip Q19                                  No      skip Q20 
19. What do you do to treat it?  
      Boiling                                    
      Chlorine tablets                    
      Other ___________  
 
20. When do you wash your hands with water and soap? 
Before food preparation                   Not all            Yes, sometimes                       Yes, always 
Before feeding the child                   Not all           Yes, sometimes                       Yes, always 
After cleaning child’s bottom          Not all           Yes, sometimes                        Yes, always 
After using the toilet                 Not all            Yes, sometimes                        Yes, always 
 
21. Do you have domestic animals in the household? 













    






   
  









مستشفى االطفال  استبیان  
   أسم المستشفى/المركز الصحي :.............                    رقم العینة : .............             التاریخ :      
مكان االقامة؟   -1  
القریة/  المنطقة اسم              الریفیة المنطقة   
القریة/  المنطقة اسم         الحضریة المنطقة   
                         الجدة        العمة/ الخالة         أخت           بالطفل؟          األم         األ مع عالقتك ھي ما -2
كم ھو عمرك؟    سنة  -3  
       ةالمتوسط     االبتدائیة        لم أدرس حصلت علیھ ؟    الذي دراسي المستوى الماھو  -4  
          ة            الجامعة                                                 دادیاالع
نعم           ال       موظف؟         تعمل او ھل  -5   
كم عدد افراد االسرة الذین یعیشون معك في المنزل؟   -6   
كم عدد االطفال الذین اعمارھم اقل من خمس سنوات؟  -7  
من االسھال خالل االسبوعین الماضین؟     نعم           ال  السرةافراد ا او احد عانيتھل  -8  
انثى؟         ذكر    جنس الطفل   -9  
كم عمر الطفل .......... شھرا؟  -10  
ھل تم ارضاع الطفل رضاعة طبیعیة فقط خالل الستة االشھر االولى بعد الوالدة؟ -11  
اعة زجاجیة فقط         مختلط رضاعة طبیعیة وزجاجیة نعم            ال, رض       
لمستشفى؟ المجىء لھل تم اعطاء الطفل مضاد حیوي قبل  -12  
13سؤال النعم    االنتقال الى    
14ال      االنتقال الى السؤال   
منذ كم یوم تم اعطاء الطفل العالج؟  -13  




منذ كم یوم بدأ االسھال عند الطفل؟  -14   
 الیوم        منذ یوم         منذ یومان      _______ أیام 
؟  العالمات السریریة التالیةھل یعاني طفلك المصاب باالسھال من  -15  
 القىء        نعم          ال 
نعم          ال          البطن ألم في   
 الحمى        نعم          ال  
 الجفاف        نعم          ال   
نوع االسھال؟ ما  -16  
مخاطي (مختلط)دموي   
 مخاطي 
 مائي 
    للطفل المصاب باالسھال؟  الرئیسي لمیاة الشربمصدر الوماھ -71  
شراء ماء معباه (قناني ماء مغلقة)        اخرى .....               ماء التنقیة        لبلدیة (انابیب المنزل) ا اءم  
ھل یتم تعقیم الماء في المنزل قبل اعطاءه للطفل؟  -18  
19سؤال النعم    االنتقال الى    
  20سؤال الال       االنتقال الى 
ھل تم تعقیم الماء من خالل ...؟   -19  
دام اقراص الكلور                اخرى_________ استخ           الغلیان          
والصابون؟  بالماء غسل یدیكتھل  -20        
ال                     دائًما ,نعم         , بعض االحیان نعم الطعام                       إعداد قبل  
ال                 دائًما, نعم         حیان ض اال, بعنعم الطفل                       تغذیة قبل  





























Appendix 6 – Questionnaire Household survey  
 
Country: Iraq                   Province: Thi-Qar                                       District: _________      
 
Name of the village: ________  
Head of the village (Name): ________  
Date of interview: ________________ day/month/year                          Time: ________ 
Household number: __________  
 
1. How many people, including you, live in this house? ________ 
2. How many children living in this household are under age five? _______ ? What are the sexes 
and age children? 
 Number of child  Sex  Age / month  
1 M                 F  
2 M                 F  
3 M                 F  
4 M                 F  
5 M                 F  
6 M                 F  
 
3. Has child/ have children in this house had diarrhoea in the last two weeks? 
                   Yes                          No             
4.  Has the child received exclusive breastfeeding for 6 months?  
     Yes                         Mix – breast and bottle fed                 No, exclusive bottle fed  
 
 
      




5. How old are you? ________ year.  
6. What is the highest level of education you have completed? 
      Illiterate                                 Primary   
      Secondary                   High school                                    University 
 
7. Are you employed?   
      Yes                   No   
 
8. Do you know what are the signs of a child who has di rrhoea?  
  
     Yes                          No                   
9. Have you received the health message (s) from local health department about management and 
treatment of child diarrhoea during summer months?  
     Yes                          No                 
10. Did the child breastfeeding changed during diarrhoeal episode? 
No change in pattern (usual)  
Breastfed less than usual  
 Breastfed more than usual  
Stop breastfed    
 
11. Was the child given more foods (such as lentils soup, vegetable soup, rice water…etc) during 
diarrhoeal episode? 
     Yes                          No      
 
 12. When the child infected with diarrhoea, where do/did you first take him/her for treatment? 
(Please choose one)  
Take to medical centers 
Take to private pharmacy  
No action  
 
    
    









    




13. If the child did not get the medical care that [he/s ] needed because of diarrhoeal illness, 
what are you done about it? (Please choose one) 
Self-ordered medicine from a pharmacy  




14. Was the child given any medications (pill or syrup) during he/she had diarrhoea?  
 Yes, skip Q15                                 
 No               
                    
15. If yes, which kind of medicines has child taken to treat the diarrhoea? 
• Antibiotics                                                    Yes                                                No 




















    






 استبیان المسح األسري  
 الدولة: العراق     المحافظة: ذي قار      القطاع:       
اسم القریة:          
اسم شیخ القریة:      
 تاریخ اجراء المقابلة _______ الیوم/الشھر 
 الوقت:____ 
 رقم المنزل______ 
        
كم عدد االشخصاص الذین یعیشون في المنزل ؟   -1    
سنوات في المنزل ؟ وماھي اعمارھم واجناسھم؟ 5اقل من  بعمر كم عدد االطفال -2  
وضع عالمة   لطفل الذي یتم اختیاره كعینھ في 
 االستبیان
الجنس   العمر بالشھر  تسلسل الطفل  
ذكر                 /      انثى      1 
 2 ذكر                  /      انثى  
/      انثى      ذكر                3 
 4 ذكر                  /      انثى  
 5 ذكر                  /      انثى  
    
 
 فترة في مائي أو رخو براز 3≥  إلى یشیر اإلسھال(الماضیھ؟  االشھر في باإلسھال مصاب المنزل في الطفل/االطفال ھل -3
) ساعة 24  
    ال      نعم                              
ھل تم ارضاع الطفل رضاعة طبیعیة فقط خالل الستة االشھر االولى بعد الوالدة؟ -. 4  
نعم            ال, رضاعة زجاجیة فقط         مختلط رضاعة طبیعیة وزجاجیة                          
كم ھو عمرك؟    سنة  -5  
       ةالمتوسط     االبتدائیة        لم أدرس                       حصلت علیھ ؟ الذي دراسي المستوى الماھو  -6  
الجامعة                االعدادیة                                                                                




ال       نعم                باإلسھال؟ المصاب لطفلل السریریة عالماتال ھي ما تعرف ھل -8   
 إسھال وعالج ادارة حول المراكز الصحیة  من الصحیة  التوعیة )الرسائل( الرسالة تلقیت ھلخالل موسم فصل الصیف:  -9
ال        نعم                     األطفال؟ في  
اإلسھال؟ب خالل فترة االصابة  للطفل الطبیعیة الرضاعة تغّیرت ھل -10  
)المعتادالراضاعة ك( النمط في تغییر ال  
  المعتاد من  أقل رضاعةال
المعتاد من أكثر الرضاعة    
الرضاعة  عن  التوقف  
 فترة خالل للطفل المصاب )إلخ...  األرز ماء ،  الخضار حساء ، العدس حساء مثل( األطعمة من المزید تم تقدیم ھل -11 
 اإلسھال؟
ال        نعم              
)فضلك من واحد إختر( ؟الى این تم ارسال طفلك لغرض العالج ..باإلسھال لطفلا  صابةإ  عند -12  
  الطبیة المراكز إلى
اھلیة  صیدلیة إلى  
 لم افعل شي 
 من واحد إختر( الج؟كطریقة بدیلة للع ماذا فعلت ، الطبیة الرعایة علىالمصاب بمرض االسھال  الطفل  تلقىی لم إذا  -13
)فضلك  
 شراء العالج من الصیدلیة حسب الطلب 
التقلیدي  المعالج إلى  لذھابا  
 تحضیر الحساء في المنزل 
ألعشاباستخدام طب ا  
باإلسھال؟ ةصابالإ فترة أثناء) شراب أو حبوب(  أدویة الطفل إعطاء تم ھل -14  




اإلسھال؟ لعالج الطفل  اعطاءھا الى تم التي التالیة األدویةمن  نوع اي ، بنعم اإلجابة كانت إذا  -15  
ال                           نعم                     الحیویة المضادات  
ال                           نعم              الفموي  اإلرواء محلول   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
239
 
